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ABSTRACT 
 
HEATHER A. BEIL: Effect of Early Preventive Dental Care on Dental Treatment, 
Expenditures, and Oral Health Among Medicaid Enrolled Children 
(Under the direction of R. Gary Rozier, DDS, MPH) 
 
Dental decay is the most prevalent chronic disease of childhood and dental care 
is the number one unmet healthcare need.  Professional organizations are aggressively 
promoting a preventive dental visit by age one, but there is not strong evidence on 
effectiveness of early preventive dental care.  The three studies in this dissertation 
examine the effects of the timing of a first preventive visit. The first two studies relied on 
data from NC Medicaid claims (1999 – 2006) and an oral health surveillance dataset to 
compare dental treatment, expenditures and disease status of children who had an early 
preventive dental visit to children who had preventive visits at older ages.  The third 
study used a simulation model to examine the effects of alternative Medicaid policy 
options for the timing of the first preventive visit. 
 We found that children who had a preventive visit by age 18 months had fewer 
treatments and lower expenditures than children who had a first preventive visit at age 
25-36 months, but children who had a first preventive visit at age 49-60 months had less 
treatment than children with a visit by age 18 months. Our results indicated that children 
who had early preventive visits were at higher risk for disease at a very young age than 
children who had visits at older ages; however, they had no difference in their disease 
status at age five years.  Further, when we expanded the definition of a preventive visit 
to include children who had worse oral health, children with an early preventive visit had 
 iv 
 
fewer treatments and lower expenditures than children who had preventive visits at older 
ages.  
Taken together, these findings indicate that early preventive visits may be 
effective among children at an elevated risk for disease. The third study also found that 
targeting children at high risk for the age one visit was the optimal policy. These findings 
support the policy to promote early visits among children at higher risk for disease and 
allow other children to delay first visit until age three years, particularly when the supply 
of dentists is limited.
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PREFACE 
 
This dissertation is organized in a non-traditional format. The first chapter provides an 
introduction to the aims of the dissertation and a statement of the significance of the 
project. Chapter 2 gives a background literature review and conceptual framework for 
the dissertation. Chapter 3 describes the methodology used for the three studies in this 
dissertation. Chapters 4, 5 and 6 are manuscripts for the three studies. These three 
chapters must stand alone as manuscripts to be submitted for publication and thus have 
some redundancies with the earlier chapters. Chapter 7 presents a summary of the 
findings, policy implications, strengths and limitations of the three studies and provides 
directions for future research. The dissertation also includes an appendix that describes 
the process of linking the data sources (NC Medicaid and an oral health surveillance 
database) for the second study. 
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 1. INTRODUCTION 
1.1 Background 
Early childhood caries (ECC), referred to by the U.S. Surgeon General as a 
„silent epidemic,‟ is the most common chronic disease of childhood.1,2 Of particular 
concern is that the prevalence of ECC is on the rise.  Its prevalence increased 
significantly from 24% to 28% in the last decade, accompanied by an increase in 
emergency department visits and hospital admissions.3-5 Low-income children have 
more dental disease and less access to dental care than children in families with higher 
incomes.6  Dental disease can have serious consequences to individuals and society.  A 
child‟s overall health, nutrition, speech and school performance can suffer as a result of 
ECC.2  Medicaid spends millions of dollars annually on the treatment of ECC.7    
Early professional intervention in children‟s lives is effective in preventing health 
problems and reducing health-related costs.8   Few studies have examined the effect of 
preventive dentist visits at a young age on oral health outcomes, however. Potentially 
effective methods such as professional application of topical fluoride and oral health 
counseling are available to dental professionals for use in the prevention of ECC, but 
access to these services is severely limited for Medicaid children. To promote increased 
access to preventive services at a young age, leading organizations now encourage 
dental visits for all children by their first birthday, but the effects of this recommendation 
are largely unknown.9-10  
Three recent studies on the effect of an early dental visit show conflicting 
results.11-13   Moreover, one simulation study has shown that early visits could increase 
the overall dental disease burden among Medicaid children if the capacity of 
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dentists is limited because low-income children would be crowded out of care by an 
increase in visits by children from higher income families.14    
1.2 Overall Study Purpose and Approach 
This dissertation includes three studies that first examine the effects of the timing 
of a first preventive visit at the individual level, and then examine potential population 
level consequences to implementing various policies on the timing of a first preventive 
visit.  The first two studies posit that the timing of the first preventive visit can improve 
oral health outcomes through prevention measures including early detection and 
treatment, anticipatory guidance and fluoride regimens. However, the child‟s oral health 
risk status is likely to affect both the timing of the first preventive visit and the child‟s oral 
health outcomes, thus the measured association can suffer from selection bias. Study 
three posits that, with a limited workforce, there may be negative trade-offs to 
implementing the age one preventive visit for all children.  This study examines whether 
the potential reduction in treatment visits that could result from early preventive visits 
could offset the increase in dental utilization that would occur if an age one policy were 
to be implemented in NC Medicaid. 
1.3 Specific Aims 
 The first two studies estimate the effect of timing of a first preventive visit on 
dental treatment use and associated expenditures (Study 1) and subsequent disease 
status and untreated disease (Study 2) using NC Medicaid claims data and a 
surveillance database of dental disease among children in kindergarten.  The third study 
examines the potential consequences to implementing various policies on the timing of a 
first preventive visit on population level disease, untreated disease and wait times for a 
dental visit (Study 3). The aims for the three studies are as follows:  
Aim 1: To estimate the effect of timing of a first preventive dentist visit on dental 
care treatment utilization and associated expenditures.  This retrospective cohort study 
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compared caries-related treatment utilization and associated expenditures for children 
who have their first preventive dentist visit at a young age to those who have their first 
preventive visit at an older age.  All children who were enrolled in NC Medicaid before 
their first birthday during the period October 1 1999 – December 31, 2006, who were 
born between October 1, 1998 and January 1, 2005, and who had a dental visit during 
the study period were eligible for inclusion in the study. A negative binomial count model 
was used to estimate incidence densities of caries-related treatment procedures per time 
enrolled in Medicaid to compare treatment use for children who had a preventive visit by 
age 18 months to children who had a preventive visit at older ages.  The dependent 
variable was the number of visits or treatments per unit of exposure time (time enrolled 
in Medicaid).    The effect of timing of a first preventive visit on expenditures associated 
with dental treatment was assessed using a Generalized Linear Model with a gamma 
distribution and a log link.  The dependent variable was the sum of all expenditures 
associated with dental treatment that the child received over the study period.  The main 
explanatory variable for both models was the age of the first preventive dental visit. We 
controlled for known determinants of dental utilization that could be confounders, 
including county and individual level characteristics.  The analysis also adjusted for 
selection bias using propensity score techniques. 
Aim 2: To estimate the effect of timing of a first preventive dentist visit on dental 
caries history and treated disease by 5 years of age.  This retrospective cohort study 
included children attending kindergarten in NC during the 2005-2006 school year who 
were enrolled in Medicaid before their first birthday.  History of dental caries and 
proportion of disease that was treated, the dependent variables for this study, were 
derived from the North Carolina Surveillance of Dental Caries System (NCSoDC) that 
contains information on dental caries status (decayed, missing and filled primary teeth) 
for almost all kindergarten students in the state.  Students in this file were linked with 
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Medicaid files to determine enrollment and history of dental use.   A zero inflated 
negative binomial (ZINB) regression model was used to compare disease history in 
children who had their first preventive visit by age 24 months to those who had their first 
preventive visit at an older age.  A logistic regression model was used to determine 
whether there were differences in the likelihood of having received complete treatment 
for ECC among children who had their first preventive visit at an early age and those 
who had their first visit later. The model controlled for child and county characteristics.  
As with the first aim, selection bias was controlled for using propensity score techniques. 
Aim 3: To compare the effects of competing policies for the timing of a first 
preventive visit on population level oral health status, untreated ECC and wait time for a 
dental visit.  This study compared three alternative policies for the timing of a first visit for 
young children enrolled in NC Medicaid: 1) current NC Medicaid policy of a preventive 
visit by age 3 years unless disease is present; 2) AAPD policy that encourages an age 
one visit for everyone; or 3) a policy that prioritizes high risk children for a visit by age 
one and allows other children to delay a first visit until age 3 years.  Using NC Medicaid 
data and surveillance data on disease in NC kindergarten children, as well as estimates 
from the literature, we built a discrete event simulation (DES) model to simulate the 
dental use and ECC of NC Medicaid enrollees age 1-5 years old.  We determined the 
average time each dental user spent waiting for an appointment, the prevalence of ECC, 
number of caries-related treatment visits, proportion of ECC that was treated, and 
number of preventive visits for the overall sample and by age group.   
1.4 Summary and Significance 
ECC is the most prevalent and thus one of the costliest diseases of childhood.  In 
response to its prevalence and consequences, the American Academy of Pediatrics 
currently has oral health as one of its four key child health priorities.  Early preventive 
dental visits may prevent ECC, but the effects of these visits remain unknown.  Under 
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Early and Periodic Screening, Diagnostic and Treatment (EPSDT), dental services must 
be provided for children enrolled in Medicaid in accordance with a periodicity schedule 
determined by the state after consultation with recognized dental organizations involved 
in child health care.15  Professional organizations are recommending a first preventive 
visit by age one year for all children, but most states recommend a first visit at age two 
or three years. 
Furthermore, the effectiveness of an early visit is an important question because 
of its potential impact on access to dental care.  A national shortage of dentists remains, 
particularly in NC, which ranks 47th in the number of dentists per capita.  Therefore, the 
supply of dentists available to treat Medicaid children is limited in NC and elsewhere.  
The impact of promoting early preventive dental visits among children enrolled in 
Medicaid is not limited to the immediate impact on the children who receive an early 
visit.  Recommending early visits may inadvertently take away needed dental care from 
other children because of the increase in visits by younger children. This dissertation 
evaluated the effects of timing of a first preventive dentist visit on individual oral health-
related outcomes including dental disease, treatment utilization and dental costs and 
population level oral health outcomes. Results of the study can inform practice 
guidelines and Medicaid policy on the recommended age of the first dental visit.   
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2. LITERATURE REVIEW 
 
2.1 Background 
Dental care is the most common unmet health care need among children.  
Likewise, the most prevalent chronic disease among young children is dental decay, 
known as Early Childhood Caries (ECC).1  Dental disease and the resulting need for 
care has become a matter of national concern in the last decade, in part due to a 
significant rise in ECC prevalence among preschool aged children from 24 to 28%.2 
Children from low-income families have more dental disease than other children but are 
the least likely to receive treatment.3  Dental disease can damage a child‟s overall health 
and quality of life and incur significant financial costs to parents, insurance providers and 
society. 4    
Preventive measures such as fluoride regimens and anticipatory guidance have 
the potential to prevent ECC from developing or progressing to severe disease.5  Young 
children, especially those covered by Medicaid, have extremely poor access to early 
preventive dental services, however.  Professional organizations are therefore 
aggressively promoting a first dental visit by 12 months of age,6-9 but this 
recommendation is not supported by strong evidence of effectiveness.  Previous studies 
on the effect of early preventive dental visits show conflicting results.10-12   Moreover, a 
decision analysis study concluded that, with a limited dental workforce, policies that 
promote early preventive visits could increase the burden of dental disease among 
Medicaid children.13
 
  9 
2.2 Dental disease is the most prevalent chronic condition among children    
Early childhood caries (ECC), or dental decay in children less than 6 years of 
age, is an infectious and transmissible disease caused by acid-forming bacteria which 
can be acquired by toddlers shortly after their first teeth erupt (generally around six 
months of age).14  ECC is caused by multiple factors on both the individual and 
community level.  Children can acquire decay-causing bacteria from their mothers; 
approximately 71% of genotypes of bacteria in infants are identical to those found in 
their mothers.15  Behaviors such as a sugary diet, poor oral hygiene, bottle feeding in 
bed and sugary liquid intake all increase the risk of acquiring ECC.16-17   
ECC is the most prevalent chronic disease among preschool aged children in the 
U.S., affecting 5 to 8 times as many children as asthma.1  Approximately half of U. S. 
children experience dental caries by age nine years and about 80 percent by age 17 
years.18    Forty percent of children in NC have experienced dental decay by the time 
they reach kindergarten.19     Low income and minority children share a disproportionate 
amount of the disease burden for dental caries and have the lowest rates of dental care 
utilization of children of any socioeconomic group despite being covered by Medicaid.3   
As a consequence, they have five times more untreated dental caries than children in 
higher-income families.3      
Dental decay can have serious consequences for children. ECC can damage a 
child‟s overall health and quality of life by impairing the child‟s eating, speaking and 
learning.4   ECC is associated with having failure to thrive and weighing less than 80% of 
the ideal body weight.20   ECC also has been associated with high rates of pain and tooth 
extraction in children.21   Tooth decay can lead to lost hours from school and poorer 
school performance for children and lost hours from work for parents, particularly for low 
income, minority, and uninsured children.22-23 
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2.3 Dental disease incurs substantial costs  
Treatment of ECC among Medicaid-enrolled children accounts for millions of 
dollars in expenditures each year.24  Recent studies indicate an increase in emergency 
department visits and hospital admissions for dental care, and treatment is more 
expensive in a hospital setting.  A study of young Medicaid enrolled children in Iowa 
found that children treated for ECC in the hospital or ambulatory setting comprised less 
than 5% of children receiving dental care, but consumed 25% to 45% of total dental 
resources.25   A retrospective study of emergency department (ED) visits at the Texas 
Children‟s Hospital in Houston found that visits due to dental complaints increased 121% 
and admissions due to dental disease increased by 66 times from 1997 – 2001, 68% of 
which were due to dental caries.26   A study in New York state found that about two thirds 
of all visits for ambulatory surgeries for children less than 6 years of age had a primary 
diagnosis of dental caries.27    These studies suggest the need for early and effective 
prevention to reduce costs for dental care, especially for children with high rates of 
caries including Medicaid-enrolled, low-income and minority children. 
2.4 Early preventive dental visits may prevent dental disease 
Effective methods are available to dental professionals for use in the prevention 
of ECC, and the effects of dental caries are largely reversible in its early stages.19   ECC 
prevention focuses on establishing good oral hygiene, optimizing fluoride exposure, and 
promoting good nutrition.28   The success of available preventive measures is one 
motivation prompting professional organizations to recommend a first dental visit and 
establishment of a dental home by 1 year of age.6-8  Currently, the American Dental 
Association (ADA), American Academy of Pediatrics (AAP) and the American Academy 
of Pediatric Dentistry (AAPD) all recommend that children establish a dental home by 12 
months of age.6-8      
  11 
During early preventive dental visits, children can receive an assessment for 
disease risk, early detection and treatment services, preventive care such as fluoride 
therapy, and anticipatory guidance.28    Early risk assessment and detection is important 
because a small lesion can become extensive decay in a short time.  In two studies 
among preschool-aged children, most caries lesions observed at baseline in a control 
group who did not receive any prevention became extensive decay in one year.29-30  In 
another intervention, very young children who received fluoride varnish in combination 
with counseling had a lower caries increment compared to children who received 
counseling alone.31    Systematic reviews of randomized controlled trials on fluoride 
regimens found that topical fluorides prevent caries in both primary and permanent 
teeth.32-33  However, there is a lack of evidence of the fidelity of interventions in the 
dental office so it is not known whether fluoride as delivered in the dental office is as 
effective as in the trials. 
 Anticipatory guidance provides developmentally appropriate health information 
to guide parents by informing them of impending changes in their child and teaching 
them their role in maximizing their child‟s developmental potential.34  One randomized 
controlled trial on the effect of anticipatory guidance on oral health in preschool children 
found that counseling was effective in reducing visible plaque and establishing oral 
health habits among parents and children, particularly when motivational interviewing 
techniques were used.35  Another recent study demonstrated that anticipatory guidance 
that began during pregnancy of the mother‟s first child and continued when the child was 
6 and 12 months of age was effective in reducing caries incidence in the very young 
children.36  Professionals have suggested that early establishment of the dental home 
and provision of anticipatory guidance could reduce disease, treatment and costs.37   
However, three systematic reviews of the effectiveness of patient counseling on oral 
health behavior show that counseling may improve knowledge but the link with changing 
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behavior is weak, thus the evidence for patient counseling has been judged as being 
insufficient.38   
2.5 The evidence for the effectiveness of an early preventive visit is conflicting 
Recent studies on the cost effectiveness of an early visit show conflicting results.  
One study using a cohort of children enrolled in NC Medicaid from 1992 to 1997 found 
that those children who had an early preventive dental visit were more likely to have 
subsequent preventive visits and had lower dentally-related costs.10   The average cost 
for dental care over 5 years increased linearly with the age of the first preventive visit.  
However, the study had a small sample size and selection bias was not considered in 
the analysis.  Another study using a cohort of Wisconsin children enrolled in Medicaid 
from 1993 to 1998 found no association between the age of first visit and total dental 
costs.11  Rather, it found that young children‟s use of dental care was episodic, and early 
visits showed no evidence of cost savings.11  The study was limited to claims for care 
provided in a dentist office, however, so the analysis did not include claims for dental 
care in an emergency department or hospital setting, which are typically more costly. A 
third study using Michigan Medicaid data for a sample of African-American children in 
Detroit found that early preventive dental visits did not reduce the need for nor cost of 
subsequent restorative care.12  The study also suffered from a small sample size, did not 
consider selection bias, and did not include hospital claims.  
2.6 Early preventive visits may have negative consequences at the population level 
In addition to the effects of an early preventive visit in children who receive a 
visit, it is important to consider the impacts of increasing early preventive visits on the 
population. Providing a preventive visit for all children regardless of risk status may not 
be cost effective.  Fluoride varnish, one of the highly recommended fluoride therapies for 
young children, is approximately 30% effective in preventing ECC.  Considering the 
prevalence of ECC and the effectiveness of fluoride varnish, the number needed to treat 
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(NNT) to yield a reduction in ECC would be approximately 16 children.39  The NNT 
threshold, therefore, might not be favorable to treating all children regardless of risk by 1 
year of age.39   
Moreover, increasing early preventive dental visits could reduce overall access to 
care if dental workforce capacity is limited.  In NC, dental care is primarily provided to 
children in private dental practices.  Private practices have the option of whether or not 
to accept Medicaid patients, and if they do accept them, they can decide how many 
patients to accept.  Dentists have the option of which age groups and patient types they 
will see.  Recent reports indicate that there are as many as 40 counties in North Carolina 
where no dentist will accept patients on Medicaid, and NC ranks 47th in the number of 
dentists per capita in the U.S.40   
Access to early preventive dental services is currently severely limited for young 
children nationwide, particularly those enrolled in Medicaid.  Only about 1 in 4 children 
has a preventive visit by 6 years of age, and dental care has been cited as the most 
common unmet healthcare need among children.41   Numerous barriers prevent children 
from receiving needed care, including a lack of training and/or willingness among 
general dentists to treat very young children and Medicaid fees that are below market 
rates.18, 42-43  
A simulation study has shown that early visits could increase the overall dental 
disease burden among Medicaid children where the capacity of the dental care system 
is limited.13  This study compared dental outcomes among young children where the rate 
at which children aged 1-3 who receive dental care was increased to that of their older 
counterparts.  When the rate for 1-3 year olds visiting a dentist was increased to that of 
4-5 year olds and the capacity of the dental workforce was fixed, children on Medicaid 
were crowded out of the dentist office and thus, their disease burden increased.13  This 
work suggests that encouraging early dental visits could have the negative and 
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unintended consequence of reducing overall oral health, especially for children on 
Medicaid, when there is a fixed capacity on dental workforce as exists in NC.   
2.7 Conceptual Framework 
The framework for study 1 and study 2 posits that having a preventive dentist 
visit early can reduce dental disease and thus dental treatments and associated 
expenditures in children; however, we propose that those who receive early visits may 
have differences in their predisposition to dental disease compared with other children 
(Figure 1). Based on previous literature, we assume that both child and county level 
characteristics will influence the timing of a child‟s use of preventive dental care.10, 24, 44  
Use of early preventive care can reduce subsequent disease through preventive 
measures such as fluoride, anticipatory guidance and early detection and treatment.5  
We therefore conceptualize a preventive visit as one that includes each of these 
components; we require that the visit include fluoride as it is the preventive measure with 
the strongest evidence for reducing the incidence of dental caries.   
However, the measured association between an early preventive visit and dental 
treatments, associated expenditures and subsequent disease is likely to suffer from 
selection bias because children will not be randomly assigned to receive a preventive 
dental visit at a young age.  Children who have an early preventive visit may be at lower 
risk than other children because they are more likely to engage in healthy behaviors 
such as preventive health care, or conversely, they may be at greater risk for dental 
caries and thus reflect need-based use. Thus, as shown in Figure 1, the unmeasured 
variable of the child‟s oral health risk can influence both the age of their first preventive 
visit and the subsequent disease, amount of treatment and associated expenditures for 
a child. Without adjustment, any observed differences between groups could be because 
of pre-existing differences rather than the effect of an early dental visit.  We therefore 
adjusted for variables that are associated with investment in preventive care (well child 
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visit utilization) and the child being at high risk for disease (receiving treatment before 
the age of 2 years).  We also adjust for the age at the end of follow-up to control for the 
increasing risk for disease at older ages. 
The framework for study 3 posits that, with a limited workforce, there may be 
negative trade-offs to implementing the age one preventive visit for all children.  In 
theory, early prevention in dental care should result in lower rates of dental disease.  
The availability of dental care is not very elastic, however, and many states including 
North Carolina suffer from a shortage of dental providers.  The availability of dental care 
for young Medicaid children is even more limited as many providers will not accept 
Medicaid patients due to reimbursement levels below market rates, and even fewer 
providers accept very young children due to a lack of training in infant care.  We 
assumed a fixed dental capacity available to young children in Medicaid in NC.  
Therefore, increased utilization of preventive visits by very young children must reduce 
utilization in children in other age groups. As shown in Figure 1, if these children who get 
crowded out of dental care are at higher risk or have disease, the overall disease 
prevalence and proportion of disease that is untreated could increase.  However, early 
prevention may also reduce caries such that the proportion of older children needing 
care is smaller over time.  The trade-off between increasing age one visits now may pay 
off in future years by reducing need for care at older ages.  It is not known whether the 
potential gain in oral health from early prevention would, over time, offset the potential 
loss in oral health that could occur from crowding out older children with the increase in 
early visits. 
2.8 New Contributions 
The first study adds to the literature on the effects of early preventive dental visits 
by using a larger and more recent cohort of children than the previous study in North 
Carolina,10  or the ones conducted in Wisconsin and Detroit.11-12  It also controls for 
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selection bias, adding to the strength of its conclusions.  Although prior studies have 
examined the effect of early prevention on future treatment use, no prior study has 
examined the effect of early prevention on actual oral health status.  The second study 
will add to the literature by estimating the effect of early prevention on subsequent dental 
caries history and proportion of disease that is treated.  The third study will be the first to 
examine various policy options for timing of a first preventive visit among NC Medicaid 
children.  Together, the results of the three studies will indicate whether the timing of a 
preventive visit impacts oral health outcomes over time.  Thus, it can inform NC 
Medicaid policy on whether a first preventive visit should occur at very young ages, or if 
resources could be saved by delaying a preventive visit without suffering adverse 
outcomes for children and families.   
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Figure 2.1: Conceptual Framework  
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3. METHODS 
 
3.1 Overview of methods 
This dissertation is comprised of three manuscripts contained in chapters 4, 5 
and 6 which will henceforth be referred to as study 1, study 2, and study 3 respectively.  
This chapter is an overview of the methods used in each study; the manuscripts must 
stand alone, so there are redundancies with each other and with this chapter.  Study 1 
and study 2 primarily relied on data from NC Medicaid claims (1999 – 2006).  Study 2 
linked the Medicaid claims data used in study 1 to an oral health surveillance dataset, 
the North Carolina Surveillance of Dental Caries (NCSoDC).  Both studies also used 
population level datasets detailed below to create county-level covariates.  Study 3 relied 
on the results and data from studies 1 and 2, as well as data from the literature. 
3.2 Research design 
The goal of this dissertation was to determine the effects of the timing of a first 
preventive dental visit on dental treatment procedures, associated expenditures, 
subsequent dental caries history and population level disease.  Study 1 and study 2 
relied on a retrospective cohort design in which Medicaid-enrolled children who had a 
preventive dental visit at an early age were compared to children who had visits at an 
older age to determine the effect of the timing of preventive care on dental treatment 
utilization, expenditures and dental caries history.  Study 3 used discrete event 
simulation (DES) to examine the effects of alternative policy options for the timing of the 
first preventive visit among NC Medicaid children.   
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3.3 Measurement 
In study 1, the dependent variable for the analysis of the effect of early 
prevention on treatment procedures was defined as the number of caries-related 
treatment procedures per time (months) enrolled in Medicaid.  The sum of expenditures 
associated with dental treatment procedures incurred from paid claims divided by the 
number of years the child was enrolled in Medicaid was used as the dependent variable 
to determine the effect of early visits on dental treatment expenditures.  For study 2 in 
which the effect of an early visit on disease history was determined, the dependent 
variable was defined as a count of decayed, missing (molars only), and filled primary 
teeth (dmft index) children were found to have during their examination in kindergarten.  
Among children who had any disease (dmft>0), we used a binary dependent variable 
indicating whether the child received complete treatment (fm/dmft=1) to examine the 
effect of timing of a first preventive visit on receipt of treatment by the time the child was 
a student in kindergarten.  For study 3, the outcomes were the average time each dental 
user spent waiting for an appointment, the prevalence of ECC, and the proportion of 
ECC that was treated for the overall sample and by age group. 
The main explanatory variable of interest for both study 1 and study 2 was the 
timing of the first preventive visit, which was a categorical variable indicating the age (in 
months) at the first preventive visit.  We defined a preventive visit in three ways, 
depending on the type of disease prevention that the visit was focused on: 1) a visit for 
primary prevention (preventing disease from starting); 2) a visit for primary and/or 
secondary prevention (detecting disease early and preventing disease progression); and 
3) a visit for primary, secondary and/or tertiary prevention (reducing complications of 
disease and restoring functioning).  For our main analysis, we used the second definition 
that included both primary and secondary prevention because it most closely followed 
the clinical guidelines set out for an early preventive visit by the American Academy of 
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Pediatric Dentistry.  In this definition, we required that the visit include primary 
prevention in the form of professionally applied topical fluoride with or without secondary 
prevention in the form of diagnostic services and if treatment occurred, treatment of no 
more than a small amount of disease.  For sensitivity analyses, we used the other two 
definitions to determine how sensitive the results were to our definition of a preventive 
visit.  Both studies also included child and county level confounders known to effect 
dental utilization and disease.  The dependent, explanatory and control variables for 
study 1 and study 2 are listed in Table 1. 
3.4 Data Sources 
Study 1 and study 2 used NC Medicaid dental and medical claims data from 
October 1999 – June 2006 for all children born on or after October 1, 1998 as detailed in 
Section 3.4.1.  Study 2 linked the NC Medicaid claims data to the 2005-06 NC 
Surveillance of Dental Caries System (NCSoDC), which is detailed in Section 3.4.2.  
Both studies supplemented these administrative datasets with county level data 
described in Section 3.4.3.  Study 3 used the data from studies 1 and 2 and from other 
literature to build the simulation model.   
3.4.1 Medicaid claims and enrollment files 
The Medicaid files were originally obtained from the NC Division of Medical 
Assistance to evaluate the effectiveness of the “Into the Mouths of Babes” program.1  
These files include information for enrollment and reimbursement claims from October 
1999 to December 2006 for all children born on or after January 1, 1998.  These claims 
files provide detailed information on all reimbursement requests that were submitted by 
dental and medical providers to Medicaid. Pharmacy or drug claims were not obtained.  
All dental visits and procedures provided during a visit can be identified from the claim, 
as well as whether dental care was delivered in a private dentist‟s office, community 
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health clinic, or hospital.  The enrollment files provide information about enrollment 
spells for each child enrolled in Medicaid.   
3.4.2 NC Surveillance of Dental Caries System (NCSoDC)  
The NCSoDC contains information on dental caries experience for almost all 
kindergarten students in the state for almost all academic school years beginning in 
1997.  Information is collected through open mouth dental screenings by trained and 
standardized oral health professionals working for the state health department.  NC is 
the only state in the nation with such a surveillance system, and thus it provides unique 
data that make this study possible.2   The NCSoDC demonstrates good reliability for 
screeners compared to an experienced, reference examiner who performed a standard 
dental examination (mean Kappa>0.85 for any caries or mean caries score per child).3    
The NCSoDC information used for this study provides basic demographic 
information on each individual child including name, date of birth, sex, race, school 
name, classroom identification number within school and county of school location.  
Additionally, the NCSoDC provides a count of decayed, missing (molars only), and filled 
primary teeth for each child, which is used in this study to obtain an index of the lifetime 
caries history for each kindergarten child.  Surveillance information from the 2005-06 
school year is used for this study.  This file contains 95,135 kindergarten children from 
98 of the state‟s 100 counties, or 82% of the state‟s public school enrollment for this 
grade.  As detailed in Section 3.5, the NSoDC file for this academic year has been linked 
to the Medicaid claims files using the linking software Link King.4 
3.4.3 County-level data sources 
Census of Population and Housing Data from the U.S. Census Bureau were 
used to generate county level income variables.5  The North Carolina Health Professions 
Data System6 provided data on the supply of dentists in NC over the study period.  The 
Community-Level Information on Kids data set from the Annie E. Casey Foundation7 
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provided data on the number of children enrolled in Medicaid in each county.  The rural-
urban classifications were derived from the rural-urban continuum codes available from 
the US Department of Agriculture Economic Research Center.8  
3.5. Data linkage: Medicaid claims and NCSoDC 
In order to complete study 2, we first needed to merge the NC Medicaid claims 
data to the NCSoDC database.  The two databases have no common subject identifier; 
we therefore linked the files based on the child‟s name, date of birth, gender, race and 
county. The two commonly recommended methods for merging data from two data 
sources when there is no common identifier is to either use a merge algorithm based on 
data linkage theory (probabilistic method), or to use a set of variables and select exact 
matches (deterministic approach).9-11   We used the Link King matching software 
program, a newly developed, publicly available record linkage software that uses both 
the deterministic and probabilistic methods to merge the two databases.4  The Link King 
matches records at 5 levels of certainty: 1) highest; 2) very high; 3) high; 4) moderate; 
and 5) possible.   
To determine the accuracy of the link created by Link King, we conducted a 
validation study of the software detailed in Appendix 1.  Briefly, we randomly sampled 
230 linked records (N=45,295) and 50 non-linked records (N=35,119), stratified by level 
of certainty of match with unequal probabilities of selection.  For a gold standard, two 
research staff reviewed the software-generated linked records (or non-linked records) 
and determined whether each classified linked pair was a true match. Sensitivity (Sn) 
and Specificity (Sp) were calculated for decision rules corresponding to cutoff points at 
the 5 levels of certainty. The optimal cutoff point was determined from the ratio of the 
accuracy (defined as Sn multiplied by Sp) of adjacent levels and their 95% confidence 
intervals.  Confidence intervals for the ratio containing 1 were considered as evidence of 
similar accuracy levels for adjacent cutoff points. The minimum Sn (95% CI) value was 
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82.32% (76.62%, 88.02%) and the minimum Sp (95% CI) was 86.24% (78.28%, 
94.20%).  The accuracy improved with each subsequent level of certainty.  For study 2, 
we conservatively included matches that were classified as having a „high‟ certainty level 
(level 3) or higher.   
3.6. Overview of Data Analysis 
3.6.1 Effect of timing of a first preventive visit on treatment use and associated 
expenditures (Study 1) 
 
For study 1, we hypothesized that children who had an early preventive visit 
would have fewer treatment procedures and lower associated expenditures over their 
time enrolled in Medicaid.  To test the effect of early visits on treatment procedures, a 
negative binomial count model was used to estimate incidence densities of caries-
related treatment procedures per time enrolled in Medicaid.  We chose a negative 
binomial model over the Poisson model because the data exhibited overdispersion, i.e., 
the variance was greater than the mean.  We found that the data did not have excess 
zeros, therefore we did not use a zero inflated model.   To calculate the incidence 
density ratios, the dependent variable was the number of caries-related treatment 
procedures and the log of exposure time was the offset – i.e., a covariate whose 
coefficient is fixed to one.   
The exposure time was the child‟s total enrollment time (in months) in Medicaid 
and was measured from the time the child enters into the sample or the study start date 
(October 1, 1999) to the time they were censored either due to disenrollment in Medicaid 
or the end of the study period (December 31, 2006), i.e., the time that they are 
“exposed” to Medicaid coverage during the study period when treatments were counted.   
For group comparisons, incidence density ratios (IDR) reflecting ratios of average event 
rates per unit time for each one-unit increase in the covariate were calculated.  IDRs >1 
reflect a positive association with the covariate so that a unit increase in the covariate 
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would correspond to an expected increase in caries-related treatment.  Likewise, IDRs 
<1 reflect a decrease in the expected treatments with an increase in the covariate.   
We used a Generalized Linear Model (GLM) with a gamma distribution and log 
link to estimate the effect of early prevention on total dental costs. Differences in 
expenditures were examined using a GLM with a gamma distribution and log link 
because the cost data were not normally distributed and were right skewed.  The 
dependent variable for the GLM model was total expenditures associated with dental 
treatment per year enrolled during the study period.  All expenditures were calculated 
using 2008 Medicaid fees to standardize costs over time.  We included a spline of the 
number of months the child was enrolled in Medicaid to control for different lengths of 
enrollment.  The spline broke the number of months enrolled into 4 equal categories 
based on the distribution for months enrolled for the entire sample.  
3.6.2 Effect of timing of a first preventive visit on dental caries experience (Study 2) 
Study 2 hypothesized that children who had an early preventive visit would have 
less subsequent dental disease and more complete dental treatment than children who 
had preventive visits at older ages.  We conducted a descriptive analysis to compare the 
average dmft score for children  who had a preventive dental visit in each of the age 
categories to children who did not have any dental visits paid by Medicaid and to 
children who had no preventive dental visits (according to our main definition).  We used 
ANOVA to compare the average dmft score and chi squared tests to compare the 
proportion of children with disease and proportion of disease treated.  
Among children who had a preventive visit by age 60 months, a zero inflated 
negative binomial model (ZINB) was employed to test whether early preventive visits 
impact dental caries experience in children. We chose to use the ZINB model over a 
multivariate ordinary least squares (OLS) regression model because the individual dmft 
scores likely will violate the OLS assumption of having a normal error term because of 
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their skewed distribution and large number of zeros.  Additionally, the large number of 
zeros would lead to non-normally distributed error terms for Poisson and negative 
binomial regression models.  ZINB models can provide a better fit for dental caries data 
than zero inflated Poisson models.12  Because of the difficulty in interpreting coefficients 
when covariates are included in the excess zero component part of the model, we used 
an intercept-only model for the excess zero component and only included covariates in 
the negative binomial component of the model.   
We used a logistic regression model to estimate whether there were differences 
in receipt of complete treatment for decayed teeth between children who had an early 
visit and other children among those who had experienced any disease. We used a 
binary outcome of whether or not the child had all of their decayed teeth treated as the 
dependent variable. Unlike the analysis on the effect of early preventive visit on disease 
status, this analysis did not control for risk with a binary variable indicating treatment 
before 24 months as it would be too highly correlated with the outcome of complete 
treatment.  Instead, we included the child‟s dmft index to control for extent of disease.  
3.6.3 Propensity score analysis 
Both study 1 and study 2 are likely to suffer from selection bias because children 
will not be randomly assigned to have an early preventive dental visit.  Children who 
have an early visit may therefore be systematically different from children who have 
older visits; children who have early visits may be higher users of the medical system in 
general either due to a higher risk for and thus greater need for care or due to lower risk 
and thus a greater investment in prevention.  We used propensity score methods to 
control for selection bias in both studies 1 and 2.  Propensity score methods, originally 
proposed by Rosenbaum and Rubin, have found wide application in the medical field.13   
In both study 1 and study 2, a propensity score provides the probability of having an 
early preventive dental visit.  A propensity score usually is derived using regression 
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techniques to estimate the probability that a particular individual will be in one of two 
groups, i.e. the treatment group rather than the control group based on measured 
covariates. Recent applications have extended propensity scores to use with multiple 
groups, most commonly with a matching procedure, subclassification or inverse 
weighting method.13-16   Because of the complexity involved in developing a matching 
algorithm for multiple groups and the large sample size required for the subclassification 
method, we applied the inverse probability weighting method developed by Imbens.14    
In Imbens‟ method, the inverse of the probability that an individual would make 
the choice that he or she made (i.e., what age to have a first preventive dental visit) is 
used as a weight in the analysis. The inverse probability weighting was implemented in 
the following steps: 1) we estimated the likelihood of having a preventive visit at age <24 
months, 24-36 months, 37-48 months, or 49-60 months for each child with an ordered 
logit model; 2) we calculated the predicted probability of the child being in each age 
group from the resulting coefficients of the ordered logit; 3) we developed the weights by 
taking the inverse of the child‟s probability of being in the actual group they were in; and 
4) we used the weight in the regression analysis to adjust for selection bias.  The 
ordered logit model included variables chosen for the regression model based on 
previous research that found them to be associated with the likelihood of having 
preventive dental visits.39, 42-43  The variables in the model included whether the child was 
continuously enrolled in Medicaid or not, their well child visit utilization, and their medical 
utilization.  
3.6.4 Effect of competing policies for the timing of a first preventive visit on population 
level outcomes (Study 3) 
 
Study 3 used discrete event simulation (DES) to examine the effects of 
alternative policy options for the timing of the first preventive visit among NC Medicaid 
children.  DES is a useful technique for modeling patient flow through healthcare 
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systems because it allows for the modeling of utilization and waiting times, and it has 
been used in the medical literature to quantify supply and demand and to study policy 
scenarios.15-17 
The purpose of the model was to compare policy options for the timing of a first 
preventive visit among NC Medicaid children.  Specifically, we were interested in 
whether changing to a periodicity schedule that encourages an age one visit or 
prioritizing high risk children at age one would be the preferable policy.  As such, we ran 
the model under the following three policy scenarios: 
Scenario 1 –Baseline 
Under the first scenario, the current dental utilization rates were used for each 
age group.  This scenario assumed that the current Medicaid policy of recommending a 
first preventive visit beginning at age three will continue to be in place, thus utilization 
among one year olds will remain at their current low rate.  This model was used to 
establish face validity of the model. 
Scenario 2 – Increasing age one preventive visits for all children  
The second scenario assumed that the NC Medicaid periodicity schedule was 
adjusted to encourage all children enrolled in Medicaid to establish a dental home by 
one year of age.  Because of the potential variability in following the recommended 
periodicity schedule, we ran sensitivity under this scenario with both a low (15%) and 
high (35%) uptake of the age one visit.   We assumed that children age 2 and over use 
dental care at the current rate for baseline estimates. 
Scenario 3 – Targeting children at high risk for age one preventive visits 
The third scenario assumed that high risk children were targeted for the age one 
visit.  We assumed that other children use dental care at the current rates of utilization.  
It is not known what percent of the Medicaid population would be „high risk‟; however, 
recent data from a project where physicians in NC identify high risk children (the 
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Carolina Dental Home Project) showed that from 8% to 20% are moderate to high risk 
depending on the criteria used to designate risk.  We therefore ran this analysis two 
different ways: a) 10% of the Medicaid population was high risk; and b) 20% of the 
Medicaid population was high risk.  In addition, any child with disease at age one was 
considered high risk for both analyses. 
  Each scenario was repeated for 100 replications and the results reported are 
the average of all 100 replications.  We calculated 95% confidence intervals around the 
estimates using the standard deviations from the 100 replications.  The model was built 
using MedModel simulation software.  We used face validity to determine whether the 
model‟s behavior was in line with how we expected the system to behave.  We tested 
whether the model‟s outcomes were similar to utilization estimates found with the NC 
Medicaid data and the literature.  In addition, an expert on dental use and disease for 
young NC Medicaid children (Dr. Rozier) examined the results to determine whether 
they were reasonable.  We also performed sensitivity analyses by varying the number of 
dental slots available and use of dental care to determine if the model behaved as 
expected. 
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Table 3.1: List of study variables for study 1 and study 2 
Study  Variable Description Type Source† 
 Dependent variables   
1 
Number of caries related treatment procedures per 
number of months enrolled Count 1 
1 
Total dental expenditures associated with treatment 
per member year Continuous 1 
2 Dental caries history (dmft) Count 2 
2 Receipt of complete treatment (fm/dmft=1) or not Binary 2 
 Main explanatory variable   
1,2 Age (in months) at first preventive dental visit Categorical 1 
 Control variables   
1,2 Gender of child (M or F) Binary 1 
1,2 
Child's race (White, African-American, Hispanic, 
Other) Categorical 1 
1,2 Receipt of treatment prior to 24 months of age or not Binary 1 
1 Age (in years) at the end of follow-up Continuous 1 
1,2 
The number of months the child was enrolled in 
Medicaid  Continuous 1 
1,2 
The number of dentists per capita in the child's 
county of residence Continuous 3 
1,2 
The percent of Medicaid enrolled children in a child‟s 
county of residence Continuous 4 
† 1: Medicaid claims; 2: NCSoDC; 3: NC Health Professions Data System; 4: Census 
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 4. EFFECT OF EARLY PREVENTIVE DENTAL CARE ON DENTAL TREATMENT AND 
EXPENDITURES 
 
4.1 Abstract 
Objective:  Early Childhood Caries (ECC) is the most prevalent chronic disease of 
childhood and dental care is the number one unmet healthcare need.  Professional 
organizations are aggressively promoting a preventive dental visit by age one, but there 
is not strong evidence on effectiveness of early preventive dental care.  This study 
determines the effects of the timing of a first preventive visit before age 5 on caries 
related treatment use and associated expenditures.   
Methods:  This retrospective cohort study used claims data from 40,915 children 
enrolled in NC Medicaid (1999-2006).  We compared the number of caries related 
treatment procedures for children who had a visit by age 18 months to children who had 
a visit at age 18-24 months, 25-36 months, 37-48 months and 49-60 months with a 
negative binomial model.  We compared the expenditures associated with treatment for 
children who had a visit by age 18 months and the older age groups using a Generalized 
Linear Model with a gamma distribution and log link.  Both models controlled for child 
and county level covariates and adjusted for selection with propensity score weights 
developed for multiple groups. 
Results:   Children who had a preventive visit by age 18 months had a lower rate of 
treatment than children who had a visit at age 18-24 months (p<.10) and age 25-36 
months (p<.05) (18-24 months: IDR, 1.10, 95% CI, 0.99 -1.23; 25-36 months: IDR, 1.15, 
95% CI, 1.04-1.27) .  Children who had their first preventive visit at age 49-60 months 
had less treatment per time enrolled than children whose first visit was by 18 months 
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(IDR, 0.86, 95% CI, 0.78-0.95). Children who had a visit by age 18 months had lower 
treatment related expenditures per year than children who had their first visit at age 25-
36 months, but there were no differences in the other age groups.  Children who had a 
visit by age 18 months were significantly more likely to require treatment before age 24 
months, and children who required treatment before age 24 months had five times the 
rate of treatment compared to other children. 
Conclusions:  Our findings support the recommendation to focus on gaining dental care 
access for children at high risk for dental disease before age three years, particularly if 
the dental workforce is in limited supply.  The results also indicate that children at lower 
risk for disease can delay a first preventive visit until age three years without adverse 
outcomes.  Physician risk assessment, as well as risk assessment for programs such as 
the WIC program and Early Head Start can be used to screen and identify children who 
would most benefit from a referral and an early preventive dental visit. 
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4.2 Introduction 
Early Childhood Caries (ECC) is the most prevalent chronic disease among 
children younger than 6 years of age.  Over the past decade, the prevalence of ECC 
among preschool aged children has increased significantly.1-2  Forty percent of North 
Carolina (NC) kindergarten children have experienced ECC, and by age 17, 80% of 
children have dental decay.3  Dental disease is not evenly distributed within the general 
population, with certain subgroups known to be affected at substantially higher rates 
than others.  Low-income children are among those at increased risk for poor dental 
health.  The prevalence of ECC among preschool aged children in Head Start is as high 
as 90%.4-5 
Even though the prevalence is high among low-income children and most have 
dental coverage through Medicaid, low-income children have the lowest rates of dental 
utilization of any income group.6   Preschool aged children from families at or below the 
federal poverty level have not received treatment in almost 80% of their decayed primary 
teeth.7  Dental disease is the most prevalent unmet healthcare need among low income 
children, and young children have especially low rates of dental utilization.8  Access to 
early preventive dental services is currently severely limited for young children, 
particularly those enrolled in Medicaid.  Numerous barriers prevent children from 
receiving needed care, including a lack of training and/or willingness among general 
dentists to treat very young children and Medicaid fees that are below market rates.9-11 
As a result of ECC, children can experience eating, speaking and learning 
difficulties, which damages their overall health and quality of life.2 Compared to other 
children, affected children have higher rates of failure to thrive and are five times more 
likely to have low body weight.12   In addition, children with ECC experience high rates of 
pain and tooth loss.13   
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ECC poses serious economic consequences.  Treatment of ECC costs Medicaid 
millions of dollars per year.14   ECC is increasingly being treated in the hospital setting, 
resulting in increased spending.   One study of Iowa children younger than 6 years of 
age who were enrolled in Medicaid found that children treated for dental caries in the 
hospital or ambulatory care setting represented less than 5% of children receiving dental 
care, but consumed 25% to 45% of total dental resources.15   A retrospective study of 
emergency department (ED) visits at the Texas Children‟s Hospital in Houston found a 
121% increase in emergency department visits because of dental complaints and a 66-
fold increase in admissions because of dental disease from 1997 – 2001, 68% of which 
were due to dental caries.16   ECC leads to lost hours from school and poorer school 
performance for children, and lost hours from work for parents, particularly for low 
income, minority, and uninsured children.17-18 
Despite its increasing prevalence and serious consequences, ECC is a 
preventable disease.  However, only 1 in 4 children enrolled in Medicaid has a 
preventive visit by age 5.  Much discussion has focused in recent years on the 
appropriate age of a first preventive dental visit.19  The potential of preventive measures 
and lack of access to care prompted professional organizations to aggressively promote 
a first dental visit and establishment of a dental home by 12 months of age.20-23  In 
theory, early preventive dental visits have the potential to improve oral health outcomes 
through prevention measures including: 1) early detection and treatment; 2) fluoride 
regimens; and 3) anticipatory guidance.20, 24-25 23 
Early detection and treatment is important because dental decay can progress 
from a small lesion to extensive decay very rapidly. In two studies among preschool-
aged children, the majority of initial carious lesions observed at baseline in a control 
group who did not receive any caries preventive intervention progressed to extensive 
decay in only one year.26-27     Fluoride varnish applications in combination with 
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counseling in a dental setting have been shown to prevent early childhood caries 
increments in young children.28   Recent systematic reviews of randomized controlled 
trials concluded that topical fluorides prevent caries in both primary and permanent 
teeth.29-30  However, evidence about the fidelity of topical fluoride provision in the dental 
office is scarce, thus it is not known whether fluoride as delivered in the dental office is 
as effective as it is in controlled trials. Dental visits at a young age that include topical 
fluoride application may therefore improve oral health outcomes, but the extent of the 
effectiveness of early prevention in improving health outcomes remains unknown.  
Anticipatory guidance delivered during medical visits can increase parents‟ 
knowledge and change behaviors related to general health topics such as child 
development, injury prevention, parent-child interactions, and infant sleep patterns.31-34  
One study has shown that oral health counseling delivered to parents of young children 
by pediatric clinicians in medical offices results in a rather substantial reduction in the 
incidence of ECC.35  Likewise, anticipatory guidance given to parents during their child‟s 
dentist visits may reduce risk of ECC by improving their oral health knowledge and 
changing oral health behaviors.36-37   
Even though studies suggest that preventive measures could be effective in 
young children, there is not strong evidence that a preventive dental visit as early as one 
year of age provides added benefit to starting preventive dental visits at older ages.   
Recent studies on the effects of a preventive visit at a very early age show conflicting 
results.  A study using data from NC Medicaid (1992-1997) found that children who had 
a preventive visit by one year of age were more likely to have subsequent preventive 
visits.38  The study also found a positive linear relationship between the age of first 
preventive visit and total dental costs; children who had their first preventive visit at older 
ages had higher total dental costs.38   In contrast, a study using a cohort of Wisconsin 
children enrolled in Medicaid from 1993 to 1998 found that the age of first visit and total 
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dental costs were not associated with each other.  The study concluded that early 
preventive dental visits did not result in cost reductions.39  The analysis for both studies 
was based on a small sample of  very young children and did not control for selection 
bias, however.   Moreover, the analysis of Wisconsin data excluded claims for dental 
care in an emergency department or hospital setting, thereby eliminating the most 
expensive claims.  A third study using Michigan Medicaid data for a sample of African-
American children in Detroit also found that early preventive dental visits did not reduce 
the frequency or cost of subsequent restorative care.40 The study also had a small 
sample size and did not include dental costs associated with hospital settings. 
The goal of this study was to determine whether the timing of the first preventive 
visit to the dentist is associated with oral health outcomes. This study had two main 
objectives: 1) to compare the amount of caries-related treatment for children who had an 
early preventive visit to those whose first preventive visit was at older ages; and 2) to 
compare the amount of Medicaid expenditures associated with dental treatment for 
children with an early preventive visit to those whose first preventive visit was at older 
ages.  The current study adds to the literature on the effects of early preventive dental 
visits by using a larger and more recent cohort of children than the previous studies in 
North Carolina,38  Wisconsin39-or Detroit 40 The study also addresses selection bias, 
adding to the strength of its conclusions.   
4.3 Methods 
 
4.3.1 Study Overview 
The study relied on a retrospective cohort design.  Medicaid-enrolled children 
who had a preventive dental visit before the age of 18 months are compared to children 
who had visits at an older age to determine the effect of the timing of preventive care on 
dental treatment utilization and expenditures. 
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4.3.2 Conceptual Framework 
The framework for this study posits that having a preventive dentist visit early can 
reduce dental disease and thus dental treatments and associated expenditures in 
children. However, children who receive early visits may have differences in their 
predisposition to dental disease than other children (Figure 1). Based on previous 
literature, we assume that both child and county level characteristics will influence the 
timing of a child‟s use of preventive dental care.14, 38, 41  Use of early preventive care can 
reduce subsequent disease through preventive measures such as fluoride, anticipatory 
guidance and early detection and treatment.20, 24-25 23  We therefore conceptualize a 
preventive visit as one that includes each of these components; we require that the visit 
includes fluoride because it is the preventive measure with strong evidence for 
effectiveness in reducing the incidence of dental caries in young children.   
The measured association between an early preventive visit and dental 
treatments and associated expenditures is likely to suffer from selection bias because 
children are not randomly assigned to receive a preventive dental visit at a young age.  
Children who have an early preventive visit may be at lower risk than other children 
because they are more likely to engage in healthy behaviors such as preventive health 
care, conversely, they may be at greater risk for dental caries and thus reflect need-
based use. Thus, as shown in Figure 1, the unmeasured variable of the child‟s oral 
health risk can influence both the age of their first preventive visit and the amount of 
treatment and associated expenditures for each child in the study. Without adjustment, 
any observed differences between groups could be because of pre-existing differences 
rather than the effect of an early dental visit.  We therefore adjusted for variables that are 
associated with investment in preventive care (well child visit utilization) and the child 
being at high risk for disease (receiving treatment before the age of 2 years).  We also 
adjust for the age at the end of follow-up to control for the increasing risk for disease at 
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older ages.  Still, unmeasured aspects of oral health status may continue to bias the 
estimated relationship. 
4.3.3 Data sources  
 This study used data from the following sources: 
Medicaid claims and enrollment files 
The Medicaid files were originally obtained from the NC Division of Medical 
Assistance to evaluate the effectiveness of the “Into the Mouths of Babes” program.3  
These files include information for enrollment and reimbursement claims from October 
1999 to December 2006 for all children born on or after January 1, 1998.  These claims 
files provide detailed information on all reimbursement requests that were submitted by 
dental and medical providers to Medicaid.  Pharmacy or drug claims were not obtained.  
All dental visits and procedures provided during a visit can be identified from the claim, 
as well as whether dental care was delivered in a private dentist‟s office, community 
health clinic, or hospital.  The enrollment files provide information about enrollment 
spells for each child enrolled in Medicaid.  The claims and enrollment information for 
each dental visit for each child included in the sample were aggregated so that the final 
dataset included one observation per child. 
County-level data sources 
Census of Population and Housing Data from the U.S. Census Bureau were 
used to generate county level income variables.42  The North Carolina Health 
Professions Data System43 provided data on the supply of dentists in NC over the seven 
year study period.  The Community-Level Information on Kids data set from the Annie E. 
Casey Foundation44 provided data on the number of children enrolled in Medicaid in 
each county.  The rural-urban classifications were derived from the rural-urban 
continuum codes available from the US Department of Agriculture Economic Research 
Center.45  
  
 
44 
4.3.4 Study Population 
All children who were enrolled in NC Medicaid before their first birthday during 
the period October 1 1999 – December 31, 2006 and who were born between October 
1, 1998 and January 1, 2005 were eligible for inclusion in the study (n=399,397).  
Children were excluded if they were not still enrolled after they turned one year of age 
(n=17,496).  For children who met these enrollment criteria, we restricted the sample to 
those who had a dental visit during the study period (n=166,479) (Figure 2).  
For the main analysis, we aimed to select children who had similar exposures to 
fluoride and preventive services so that the only difference would be the age that the 
preventive services started before they were 60 months old.  Therefore, children were 
further excluded if: 1) they received preventive dental services in a medical office 
(n=56,225); 2) they did not have any visits with paid dental claims (n=1,096); 3) they did 
not have a preventive visit by 60 months of age (as we were interested in the timing of 
the first preventive visit, not comparing children with and without preventive services) 
(n=35,534); 4) their first preventive visit was a visit that included a comprehensive 
evaluation and/or prophylaxis without fluoride (as the effect of their first preventive visit 
may differ if children did not receive fluoride) (n=16,627); or 5) they received any dental 
treatment prior to 12 months of age (n=16). We also excluded children who were 
enrolled for less than one year following their preventive visit to ensure an adequate 
follow-up period (n=16,066).  The final sample therefore included 40,915 children.  
4.3.5 Study Variables 
Dependent Variables 
The dependent variable for the analysis of treatment was defined as the number 
of caries-related treatment procedures per time (months) enrolled in Medicaid.  The 
dataset had one observation per child; therefore the dependent variable was an 
aggregate count of caries-related treatments over the enrollment period per child.  
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Caries-related treatment procedures were identified using the Current Dental 
Terminology (CDT) Codes and included restorative treatment (CDT codes = D2000-
D2999), endodontic therapy (D3000-D3999), and surgery or extractions (D7000-D7999).  
Only paid procedures were included in the count of caries-related treatments. 
For the analysis of expenditures associated with treatment, the dependent 
variable was the total treatment expenditures per member year.  To calculate the 
expenditure per member year, we summed the expenditures associated with dental 
treatment procedures incurred from paid claims and divided the sum by the number of 
years the child was enrolled in Medicaid.   We included dental treatment that occurred in 
both the dental office and hospital setting, including inpatient hospitals and ambulatory 
care or surgical centers.  For dental treatment occurring in a dental office, the total costs 
associated with treatment was the sum of paid amounts for all treatment procedures that 
occurred during the office visit. 
 For dental treatment occurring in a hospital setting, inpatient and outpatient 
hospital claims were merged with the dental claims for children.  All paid amounts for 
hospital procedures for the child‟s stay in the hospital, surgical center or other 
ambulatory care facility during their stay (i.e. anesthesia, operating room, recover room, 
pharmacy, x-ray and any other charges) and the pre-operative standard fee for a 
physician physical ($100) were summed then added to the total expenditures associated 
with dental treatment. If a child had zero dollars in paid amounts for billed inpatient and 
hospital procedures, the amount was replaced with the median total expenditures for 
procedures received in a hospital or ambulatory center ($1955).  In order to standardize 
fees and account for increases over the study period, the total of each 
hospital/ambulatory care center stay was increased by the change in the medical 
consumer price index (CPI) for each year before 2008 that the surgery occurred.  
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Therefore, the final expenditures associated with dental treatment in a hospital or 
ambulatory care setting were calculated according to the formula:  
Adjusted hospital payment = hospital payment (or median) *(1+ΔCPI) 
where ΔCPI = change in medical CPI from the year of hospital visit to 2008 
 
 To account for changes in dental fees over the seven years included in the study, 
reimbursement amounts listed in the 2008 fee schedule were applied to each CDT code 
for all treatment occurring in an office or hospital setting.   
Main explanatory variable: Age at first preventive dental visit 
The main explanatory variable of interest was a categorical variable indicating 
the age (in months) at the first preventive visit.   The age at first preventive visit was 
separated into five categories : <18 months, 18-24 months, 25-36 months, 37-48 
months, and 49-60 months.    
In general, disease prevention focuses on three levels of prevention: 1) primary 
prevention -- preventing disease from starting; 2) secondary prevention -- detecting 
disease early and preventing disease progression; and 3) tertiary prevention -- reducing 
complications of disease and restoring functioning.  According to AAPD guidelines, an 
early preventive dental visit for Medicaid, or high-risk patients, should include an 
examination, prophylaxis, fluoride treatment, nutrition guidance, home care instructions, 
and feeding instructions.46  These guidelines combine components of primary prevention 
(prophylaxis, fluoride, and counseling to prevent disease initiation) and secondary 
prevention (examination and fluoride to prevent disease progression).  For the primary 
analysis in this study, we sought to identify preventive visits that were in line with the 
AAPD guidelines because we were interested in the policy question of whether the 
guidelines should recommend preventive visits for all children at very young ages.  
Identifying preventive visits according to this definition is difficult in insurance claims, 
however, because it is not possible to discern whether the parent took their child to the 
  
 
47 
dentist in response to known disease or for a preventive check-up.  Dental claims do not 
include a disease status code like ICD codes in medical claims.  Moreover, dental care 
usually is not acute, so a child can be examined for disease in an initial visit and treated 
in subsequent visits scheduled several weeks later.   
In order to address the difficulty of identifying a preventive visit with claims data, 
we defined a preventive visit in three ways, depending on the type of disease prevention 
that the visit was focused on: 1) a visit for primary prevention; 2) a visit for primary 
and/or secondary prevention; and 3) a visit for primary, secondary and/or tertiary 
prevention.  For our main analysis, we used the second definition that included both 
primary and secondary prevention because it most closely followed the AAPD 
guidelines.  In addition, we defined a preventive visit according to the other two 
definitions to determine how sensitive the results were to our definition of a preventive 
visit. Each definition is defined in more detail in the following paragraphs, and the 
definitions with associated CDT codes are listed in Table 1. 
In the main analysis, we defined a preventive visit as one aimed at primary 
and/or secondary prevention.  We required that the visit include primary prevention in 
the form of fluoride application with or without secondary prevention in the form of 
diagnostic services and if treatment occurred, treatment of no more than a small amount 
of disease.  Specifically, we identified visits that included: 1) a comprehensive 
evaluation; 2) fluoride application;  3) no more than two restorative treatment procedures 
(restorative fillings or crowns) per visit on the day of the visit or for any visit for 3 months 
(92 days) following the initial visit; 4) no other treatment (including extractions or 
endodontic therapy) on the day of the visit or for 3 months (92 days) following the initial 
visit; and 5) no hospital-based visit within 6 months (182 days) of the initial visit.  We 
required that the visit include fluoride application because of the evidence that fluoride 
prevents the occurrence and severity of dental caries, so a visit that did not include 
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fluoride would not be in line with the guidelines for this high-risk population and may not 
be as effective.  We chose 3 months as the time frame for office visits because the 
majority (over 80%) of the sample who received dental treatment following a preventive 
visit had the treatment within 3 months, and we assumed that an interval of that length 
would be long enough for treatment to occur but not long enough for a child to be due for 
his or her next preventive visit.  We chose 6 months as the time frame for hospital-based 
visits because there can be longer waiting times to be seen in a hospital setting than an 
office setting, and the majority (over 90%) of the sample who had a hospital visit 
following the preventive visit was treated within 6 months.    
For the first sensitivity analysis, we defined a preventive visit as one aimed at 
primary prevention.  We required that the visit include primary prevention in the form of 
fluoride application with no treatment of any disease to help ensure that the child had no 
disease at the time of the visit and the visit could prevent disease from starting. The 
primary preventive definition did not allow for any treatment on the day of the visit or 
during the three months following the visit.  Specifically, the primary preventive visit was 
defined as a visit that included: 1) a comprehensive evaluation; 2) fluoride application; 3) 
no treatment procedures (restorative fillings, crowns, extractions or endodontic therapy) 
on the day of the visit or for 3 months (92 days) following the initial visit; and 4) no 
hospital-based visit within 6 months (182 days) of the initial visit.  We did not use this 
definition for the main analysis because we thought that by not allowing any treatment, 
selection bias would be exacerbated in the sample.  That is, selecting only children who 
visit the dentist for a check-up and require no treatment will lead to selecting children 
who are in better oral health.   
For the second sensitivity analysis, we defined a preventive visit as one aimed at 
primary, secondary and/or tertiary prevention.  Other studies examining the effect of 
early preventive visits using insurance claims have operationalized a child‟s first 
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preventive visit as the date of the child‟s first preventive procedure, including a periodic 
visit and dental cleaning, with or without treatment for disease.  For comparison 
purposes, we defined the third type of preventive visit as a visit that included any 
preventive services (comprehensive evaluation, prophylaxis with or without fluoride 
application) and any amount of treatment on the day of the visit and in the months 
following the initial visit with no restrictions on when the treatment occurred.  We did not 
use this definition for the main analysis because allowing for any treatment during the 
preventive visit biases the sample such that children who visit the dentist earlier are 
more likely to be in worse oral health because they will be visiting the dentist for a known 
problem. 
Additional control variables 
The model included both child-level variables and county-level variables chosen 
for the regression model based on previous research that found them to be associated 
with use of dental care and oral health.14, 38, 41  The child level covariates in the model 
included the child‟s gender, race (White, Black, Hispanic, and Other), whether they 
received treatment before the age of 24 months, and the child‟s age at the end of follow-
up. Some evidence suggests that children at high risk for disease are more likely to visit 
the dentist early than those at lower risk.47 We therefore sought a variable to control for 
the child‟s predisposition to dental disease.  children who experience dental disease 
early are more likely to have subsequent disease and more severe disease over time.47-
48  Thus, we included a binary variable indicating whether the child received any dental 
treatment before 24 months of age to control for the child‟s oral health risk status.  
Children who were older at the end of their follow-up period would be more likely to 
receive dental treatment because the risk of dental disease increases with age.  
Although controlling for length of enrollment controls for varying time of follow-up, it does 
not adjust for the varying risk levels at different points of follow-up.  We therefore 
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included the child‟s age at the end of their follow-up period to adjust for the higher risk 
level of older children.   
Even though it is important to control for the child‟s risk status, our measure of 
risk has limitations.  Receipt of treatment before 24 months of age is highly correlated 
with the number of treatments a child has during their enrollment period.  If the child has 
treatment before 24 months of age, then the value of treatments per months enrolled 
must be greater than zero.  It is also not a true baseline measure of risk status as the 
first preventive visit could occur before the child received the treatment.  Due to the 
limitations of this risk measure, we ran the sensitivity analysis where we did not include 
whether the child received treatment before 24 months of age as a covariate. 
The models also included the following characteristics of the child‟s county of 
residence: percent of the county‟s population age 18 and younger that was enrolled in 
Medicaid, the county‟s urbanicity, and the number of dentists per capita. The county‟s 
urbanicity was based on the Office of Management and Budget metro and nonmetro 
categories that were subdivided into three metro and six nonmetro categories, resulting 
in a 9-part county codification.  We collapsed the 9-part county codification into 3 
categories: 1) metro areas with fewer than 250,000 to 1 million or more people; 2) urban 
areas with populations of 20,000 or more or population of 2,500 to 19,999 adjacent to a 
metro area; and 3) urban population of 2,500 to 19,999 not adjacent to a metro area or 
completely rural or urban population of less than 2,500 people.  Children living in areas 
with a greater supply of providers may be more likely to receive treatment, thus we 
controlled for the number of dentists per capita.  The supply of dentists changed over the 
study period and we chose to include the number of dentists in the last year of the child‟s 
enrollment because that is when he or she would be most likely to receive treatment.  
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4.3.6 Analysis Strategy 
Main analysis 
For the analysis of treatment, we compared the incidence density of treatment 
procedures (number of treatments over the time exposed to Medicaid) for children who 
had an early preventive visit to those who had preventive visits at later ages. A negative 
binomial count model was used to estimate incidence densities of caries-related 
treatment procedures per time enrolled in Medicaid.  We used a negative binomial model 
over the Poisson model because the data exhibited overdispersion, i.e., the variance 
was greater than the mean.  We found that the data did not have excess zeros, therefore 
we did not use a zero inflated model.   
To calculate the incidence density ratios, the dependent variable was the number 
of caries-related treatment procedures and the log of exposure time was the offset – i.e., 
a covariate whose coefficient is fixed to one.  The exposure time was the child‟s total 
enrollment time (in months) in Medicaid and was measured from the time the child 
entered into the sample or the study start date (October 1, 1999) to the time they were 
censored either due to disenrollment in Medicaid or the end of the study period 
(December 31, 2006).  Exposure time is therefore the time that they are “exposed” to 
Medicaid coverage during the study period when treatments were counted.   
For group comparisons, incidence density ratios (IDR) reflecting ratios of average 
event rates per unit time for each one-unit increase in the covariate were calculated.  
IDRs >1 reflect a positive association with the covariate so that a unit increase in the 
covariate would correspond to an expected increase in caries-related treatment.  
Likewise, IDRs <1 reflect a decrease in the expected treatments with an increase in the 
covariate.  The main explanatory variable was the age of the first preventive visit; the 
model also controlled for the child and county level variables listed previously and 
incorporated the propensity score weights to adjust for selection bias.   
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We used a Generalized Linear Model (GLM) with a gamma distribution and log 
link to estimate the effect of early prevention on total dental costs. Differences in 
expenditures were examined using a GLM with a gamma distribution and log link 
because the cost data were not normally distributed and were right skewed.  The 
dependent variable for the GLM model was total expenditures associated with dental 
treatment per year enrolled during the study period.   
The main explanatory variable was the age of first preventive visit.  The model 
also included the child and county level variables listed previously.  Additionally, we 
included a spline of the number of months the child was enrolled in Medicaid to control 
for different lengths of enrollment.  The spline broke the number of months enrolled into 
4 equal categories based on the distribution for months enrolled for the entire sample.  
Propensity score analysis 
We used propensity score methods to control for selection bias as stated before.  
Propensity score methods, originally proposed by Rosenbaum and Rubin, have found 
wide application in the medical field.49   In this study, a propensity score would provide 
the probability of having an early preventive dental visit.  A propensity score usually is 
derived using regression techniques to estimate the probability that a particular 
individual will be in one of two groups, i.e. the treatment group rather than the control 
group based on measured covariates. Recent applications have extended propensity 
scores to use with multiple groups, most commonly with a matching procedure, 
subclassification or inverse weighting method.50-53   Because of the complexity in 
developing a matching algorithm for multiple groups and the large sample size required 
for the subclassification method, we applied the inverse probability weighting method 
developed by Imbens.53    
 In Imbens‟ method, the inverse of the probability that an individual would make 
the choice that he or she made (i.e., what age to first have a preventive dental visit) is 
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used as a weight in the analysis. The inverse probability weighting was implemented in 
the following steps: 1) we estimated the likelihood of having a preventive visit at age <18 
months, 18-24 months, 25-36 months, 37-48 months, or 49-60 months for each child 
with a multinomial cumulative logit, also known as an ordered logit model; 2) we 
calculated the predicted probability of the child being in each age group from the 
resulting coefficients of the ordered logit; 3) we developed the weights by taking the 
inverse of the child‟s probability of being in the actual group they were in; and 4) we 
used the weight in the regression analysis to adjust for selection bias based on 
observable characteristics. 
The ordered logit model included variables chosen for the regression model 
based on previous research that found them to be associated with the likelihood of 
having preventive dental visits.14, 38, 41  We chose to use an ordered logit because the 
dependent variable (age of first visit) was ordered, and thus not a nominal choice 
variable. The variables in the model included whether the child was continuously 
enrolled in Medicaid or not, their well child visit utilization, and their medical utilization. A 
child was identified as continuously enrolled according to the HEDIS ® definition of 
continuous enrollment, i.e. they were continuously enrolled if they were not disenrolled 
for more than 45 days for each year of enrollment. In order to be coded as continuously 
enrolled, a child also had to be continuously enrolled for each year of their enrollment 
period. Well child visit utilization was a categorical variable indicating whether the child 
had 0, 1, 2, or > 3 well child visits from the time they were one to two years of age.  Well 
child visits were identified based on the child‟s Current Procedural Terminology (CPT) 
codes or if their primary diagnosis was for a routine visit. We included well child visits to 
measure parent investment in prevention services. Medical utilization was categorized 
according to the number of visits per year enrolled that the child made to any medical 
provider, excluding well child visits.  Children were classified as low (< 5 visits), medium 
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(5-10 visits), moderate (11-20 visits) or high (>20 visits) users of medical care.  We 
included medical utilization because children who interact more with the health care 
system should be more likely to use dental services, although those who are high users 
may have special needs and thus may be less likely to see a dentist.  
We also conducted a sensitivity analysis using propensity scores with two groups 
(a preventive visit by age 18 months or not) to determine if it altered the results 
significantly from using multiple groups for the propensity score analysis.  We derived 
the propensity score using the same covariates in a logit model, then calculated a weight 
as the inverse of the propensity score and incorporated the weight in the main analysis.  
We conducted the analysis with no propensity score adjustment to determine if the 
results differed without the use of propensity score weighting. 
The data were analyzed using SAS 9.1 and Stata 10.0.  All analyses use p<0.05 
as statistically significant.  This study was approved by the Institutional Review Board of 
the University of North Carolina at Chapel Hill and the North Carolina Division of Medical 
Assistance. 
4.4 Results  
 
Characteristics of the Study Sample 
Among the sample of 40,915 children enrolled in NC Medicaid, 2,390 (6%) had a 
preventive visit before age 18 months, 3,898 (9%) at age 18-24 months, 9,826 (23%) at 
age 25-36 months, 14,159 (35%) at age 37-48 months and 11,182 (27%) at age 49-60 
months. Children who had a preventive visit by age 18 months differed from children 
who had first preventive visits at older ages (Table 2).  As compared to other children, 
children who had a preventive visit by age 18 months were more likely to be Hispanic, 
have a higher number of well child visits, be higher users of medical care, and be 
continuously enrolled. Children who had a preventive visit by age 18 months had a 1.55, 
1.68, 7 and 14 times higher likelihood of receiving treatment before age 24 months than 
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children who had their first visit at age 18-24 months, 25-36 months, 37-48 months and 
49-60 months, respectively.   On average, children who had a preventive visit by age 18 
months were enrolled for fewer months than other children and were younger at the end 
of the follow-up period. Children who had a visit by 18 months were more likely to live in 
urban counties that had a lower percentage of children enrolled in Medicaid and a higher 
number of dentists per capita.  
Effect of Age of First Preventive Visit on Number of Treatments 
Children in the sample had an average of 4.52 caries-related treatments over the 
study period.  On average, children who had a preventive visit by age 18 months had 
fewer treatments than children who had their first preventive visit at older ages (Table 2; 
ANOVA p-value < .01); however, children who had a preventive visit by age 18 months 
had significantly shorter total time of enrollment in Medicaid than children who had a 
later first preventive visit (Table 2; ANOVA p-value < .01)  When (log) months of 
enrollment is used as an offset in a negative binomial regression model (without 
adjustment for covariates or propensity score weights), children who had a preventive 
visit by age 18 had a lower rate of treatments than children who had their first preventive 
visit at ages (18-24 months: IDR, 1.12, 95% CI, 1.02-1.23; 25-36 months: IDR, 1.37, 
95% CI, 1.26-1.48; 37-48 months: IDR, 1.36, 95% CI, 1.26-1.47; 49-60 months: IDR, 
1.37, 95% CI, 1.27-1.49).   
 In the main analysis, after adjusting for child and county characteristics, and 
weighting based on propensity scores developed from multiple groups, children who had 
a preventive visit by age 18 months had a lower rate of treatment than children who had 
a visit at age 18-24 months (p<.10) and age 25-36 months (p<.05) (18-24 months: IDR, 
1.10, 95% CI, 0.99 -1.23; 25-36 months: IDR, 1.15, 95% CI, 1.04-1.27) (Table 4).  
Children who had their first preventive visit at age 49-60 months had less treatment per 
time enrolled than children whose first visit was by 18 months (IDR, 0.86, 95% CI, 0.78-
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0.95). There was no difference in the rate of treatment procedures per time enrolled 
between children who had their first preventive visit by age 18 months and at age 37-48 
months.  Children who required treatment before 24 months had over five times the rate 
of treatment procedures than other children (IDR, 5.42, 95% CI, 4.91-5.99).   
Effect of Age of First Preventive Visit on Expenditures Associated with Dental Treatment 
 On the bivariate level, children who had a preventive dental visit by age 18 
months had lower treatment associated expenditures per year enrolled than children 
who had their first preventive visit in each of the older age groups (Table 2).   
After adjusting for child and county characteristics, children who had a visit by 
age 18 months had lower treatment related expenditures per year than children who had 
their first visit at age 25-36 months, but there was no difference in the other age groups 
(Table 5).  Based on the GLM model, an average child in the sample, that is, one who is 
black, male, who did not receive treatment before age 24 months, enrolled in Medicaid 
for 65 months and living in an urban county with 33% of the population on Medicaid, and 
4.4 dentists per capita, would be predicted to have the following expenditures per 
member year associated with dental treatment according the age of their first preventive 
visit: $89 for a visit by age 18 months; $93 for a visit at age 18-24 months; $102 for a 
visit at age 25-36 months; $95 for a visit at age 37-48 months; and $87 for a visit at age 
49-60 months (Figure 3). 
Sensitivity analysis: Propensity score analysis  
The sensitivity analysis that adjusted for child and county characteristics but not 
propensity scores found that children who had a preventive visit by age 18 months had 
fewer treatment procedures per time enrolled than children who had a visit at age 18-24 
months, 25-36 months, or 37-48 months, but there was no difference for children who 
had a visit at age 49-60 months (18-24 months: IDR, 1.19, 95% CI, 1.08-1.30; 25-36 
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months: IDR, 1.28, 95% CI, 1.18-1.39; 37-48 months: IDR, 1.18, 95% CI, 1.08-1.28; 49-
60 months: IDR, 1.06, 95% CI, 0.97-1.16) (results not shown).  
Similar to the adjustment with propensity scores calculated with multiple groups, 
adjustment with propensity score weights derived from a logit model with two groups 
lowered the magnitude of the effect of an early preventive visit. Children who had a 
preventive visit by age 18 months had fewer treatment procedures per time enrolled than 
children who had a visit at age 25-36 months, or 37-48 months, but there was no 
difference for children who had a visit at age 18-24 months or 49-60 months (18-24 
months: IDR, 1.10, 95% CI, 0.98-1.24; 25-36 months: IDR, 1.21, 95% CI, 1.08-1.34; 37-
48 months: IDR, 1.15, 95% CI, 1.03-1.28; 49-60 months: IDR, 1.05, 95% CI, 0.94-1.18). 
Children who had a preventive visit by age 18 months had lower treatment 
expenditures per year enrolled than children who had a visit in the older age categories 
both with and without propensity score adjustment with two groups.  However, for the 
analysis with propensity score adjustment using two groups there was no difference 
between expenditures for children who had a visit at age 18-24 months and ?????. 
Sensitivity analysis: Alternative definitions of a preventive visit 
The characteristics of the study samples for both the primary and 
primary/secondary/tertiary preventive definitions were similar to the characteristics of the 
sample used in the main analysis.  The characteristics of the sample using the 
primary/secondary/ tertiary definition are shown in Table 3.   
The results using the definition aimed at primary prevention were similar in 
magnitude and direction as the main results (results not shown). There was no 
difference in treatment or expenditures between children who had a visit by age 18 
months and those who had visit at age 18-24 months, or 25-36 months.  Children who 
had visits at ages 37-48 months and 49-60 months had fewer treatments and lower 
expenditures than children who had a visit by age 18 months. 
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 Using the definition for primary/secondary/tertiary prevention, children who had a 
visit by age 18 months had fewer treatments per time enrolled than children in each of 
the older age categories (18-24 months: IDR, 1.40, 95% CI, 1.29-1.52; 25-36 months: 
IDR, 2.08, 95% CI, 1.93-2.25; 37-48 months: IDR, 1.49, 95% CI, 1.38-1.61; 49-60 
months: IDR, 1.15, 95% CI, 1.07-1.25) (Table 4).  Likewise, children who had a visit by 
age 18 months had lower expenditures associated with treatment per year than children 
who had preventive visits at older ages (Table 5).  Based on the GLM model, an average 
child in the sample, that is, one who is black, male, enrolled in Medicaid for 66 months, 6 
years old at the end of follow-up, and living in an urban county with 34% of the 
population on Medicaid and 4.28 dentists per capita would be predicted to have the 
following expenditures per member year associated with dental treatment according the 
age of their first preventive visit: $80 for a visit by age 18 months; $106 for a visit at age 
18-24 months; $155 for a visit at age 25-36 months; $120 for a visit at age 37-48 
months; and $100 for a visit at age 49-60 months (Figure 4).   
Sensitivity analysis: Excluding treatment before 24 months of age as a covariate 
Using the primary/secondary definition without controlling for whether the child 
received treatment for disease before 24 months of age, children who had a visit by age 
18 months had no difference in the number of treatments per time enrolled than children 
who had a visit at age 18-24 months, 25-36 months or 37-48 months, but they had a 
significantly higher rate of treatment than children who had a visit at age 49-60 months 
(18-24 months: IDR, 1.03, 95% CI, 0.93-1.15; 25-36 months: IDR, 1.07, 95% CI, 0.98-
1.18; 37-48 months: IDR, 0.91, 95% CI, 0.83-1.00; 49-60 months: IDR, 0.79, 95% CI, 
0.71-0.87) (Table 6).  Likewise, children who had a visit by age 18 months had higher 
expenditures associated with treatment per year than children who had a first preventive 
visit at 49-60 months, but there was no difference in the other age groups (Table 7). 
  
 
59 
Using the primary/secondary/tertiary definition without controlling for whether the 
child received treatment for disease before 24 months of age, children who had a visit by 
age 18 months had a lower rate of treatment per months enrolled than children who had 
a visit at age 18-24 months or 25-36 months, but they had a significantly higher rate of 
treatment than children who had a visit at age 49-60 months (18-24 months: IDR, 1.43, 
95% CI, 1.32-1.55; 25-36 months: IDR, 1.45, 95% CI, 1.35-1.55; 37-48 months: IDR, 
1.06, 95% CI, 0.99-1.14; 49-60 months: IDR, 0.84, 95% CI, 0.78-0.90) (Table 6).  
Children who had a visit by age 18 months had lower expenditures associated with 
treatment per year than children who had a first preventive visit at age 18-24 months, 
25-36 months or 37-48 months, but there was no difference in expenditures for children 
who had their first preventive visit at age 49-60 months (Table 7). 
4.5 Discussion 
In this sample of NC Medicaid dental users, children who had a preventive visit 
by age 18 months had lower rates of treatment procedures and lower treatment related 
expenditures than children who had a visit at age 25-36 months using our main definition 
of a preventive visit, that is, a visit aimed at primary or secondary prevention. Children 
who had a visit by age 18 months also had a trend toward lower rates of treatment than 
children who had a visit at age 18-24 months. Therefore, among children who have a 
visit by the time they are three years old, having a preventive visit by age 18 months was 
effective in reducing caries related treatments and related expenditures.  Children in the 
age categories up to age 36 months appear to be at higher risk for disease as they all 
had higher rates of treatment before age 24 months than children in the older age 
categories. Taken together, these findings suggest that early prevention may be 
important for children who are at higher risk for disease. 
As expected, when using the definition that allowed for primary, secondary, 
and/or/ tertiary prevention, we had a broader sample of children who had worse oral 
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health outcomes on average than the sample of children in the main analysis who had 
preventive visits aimed at primary and/or secondary prevention.  In this definition, we 
allowed any amount of treatment to be included in the visit; therefore the sample 
included children who went to the dentist for known problems and disease in addition to 
children who went only for a dental check-up.  Interestingly, with this sample of children 
who had worse overall oral health outcomes, children with an early preventive visit had 
fewer treatments per time enrolled and less treatment related expenditures per year than 
children who had visits at older ages.  This finding further supports the notion that early 
visits could be effective among children at higher risk for disease. 
The strongest effect in the sample using the primary/secondary/tertiary definition 
was among children who had a preventive visit by 18 months of age compared to those 
who had a visit at age 25-36 months.  The older children had over twice the rate of 
treatments as children who had a visit by age 18 months.  These findings suggest that 
one way the early preventive visit is effective in this higher risk population is through 
providing early detection and treatment of disease.  Previous studies have found that 
initial carious lesions in preschool aged children can become extensive decay in only 
one year.26-27  Our findings emphasize the importance of early treatment in children with 
ECC to prevent disease progression and reduce subsequent disease.   
Compared to children who had preventive visits after age 36 months, however, 
children with an early preventive visit had no difference or higher rates of treatment and 
related expenditures.   Some evidence suggests that very young children who are at a 
higher risk for disease are more likely to visit the dentist than other very young 
children.47  Receipt of dental treatment prior to age 24 months is a strong indicator of 
oral health risk and future treatment use; in our sample, children who had treatment 
before age 24 months had over five times the rate of total treatments over the study 
period.  Children who had a preventive visit by age 18 months were much more likely to 
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receive treatment before age 24 months than children in the older age categories. Thus, 
the characteristics of our sample indicate that children who had an early preventive visit 
were at higher risk for disease than other children.  While we controlled for this in part by 
including whether the child received treatment prior to age 24 months, we could not 
completely adjust for the child‟s predisposition to disease.  Children who had an early 
visit were likely at higher risk for disease due to unmeasured variables such as poor oral 
hygiene and diet. Considering their greater predisposition to disease, the lack of a 
substantial difference in treatment procedures and associated expenditures between 
children who had a visit by age 18 months and children who had visits at the oldest ages 
included in the study could indicate that the early prevention was effective in 
suppressing disease incidence in those at greatest risk for subsequent disease.  This 
finding also suggests that children who are at lower risk for disease may be able to delay 
a first preventive visit until age three years without adverse consequences. 
As expected, when we did not control for the child‟s risk of disease by including a 
variable for whether the child received treatment before 24 months of age, the results 
changed.  Children who had a visit by age 18 months had no difference in the rate of 
treatments or expenditures compared to children who had a visit at age 18-24 months, 
25-36 months or 37-48 months.  Children who had a visit at age 49-60 months had a 
lower rate of treatment and expenditures than children who had a visit by age 18 
months.  These results suggest that children who have an early visit are likely at higher 
risk than those who delay a visit until an older age, and that the variable for early use of 
dental care likely controlled in part for the child‟s predisposition to dental disease. 
 As stated before, the three previous studies on the effect of early preventive 
visits found conflicting results.  The only previously published study found that early 
preventive visits resulted in cost savings,38 but two other analyses found no relationship 
between an early visit and dental costs or treatment.39-40  This study adds to the literature 
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by using a larger sample and being the first to adjust for selection bias based on 
observable characteristics using propensity score analysis. Using the same definition for 
a preventive visit that previous studies used, the visit aimed at tertiary prevention, our 
results are similar to the previous study on the effect of early preventive dental visits 
among NC Medicaid children. Our results differ from the studies in Wisconsin and 
Michigan;39-40 however, these two studies did not include treatment and expenditures 
incurred in a hospital setting, which means that they may be underestimating the effect 
of early visits.  The previous NC study had a small sample size of children who had an 
early preventive visit, and it did not control for selection bias. Our findings with a larger 
sample that adjusts for selection bias based on propensity scores strengthen the 
evidence for the effectiveness of early prevention aimed at primary, secondary and/or 
tertiary prevention, especially for children who have poorer oral health.  
We found that when we did not adjust for selection bias with propensity scores, 
children with an early preventive visit appeared to have better oral health outcomes than 
children in the older age categories.  With adjustment, however, children who had a visit 
at age 25-36 months had more treatment than children in the youngest age category, but 
there was no difference in other age categories and children in the oldest age category 
had fewer treatments.  We included variables in the propensity score that adjusted for 
parental investment in prevention (i.e. the number of well child visits), interactions with 
the health care system (i.e., medical utilization), and whether the child was continuously 
enrolled.  It appears that the propensity score helped adjust for these pre-existing 
differences in use of preventive measures and the health care system that would affect 
whether a child visited the dentist early and their long-term oral health outcomes.  We 
did not have strong measures of whether the child was at higher risk for poor oral health 
that could be used in calculating the propensity scores, however, so we were not able to 
adjust for any pre-existing differences in being at high risk for dental disease.   
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Policy Implications 
Public health prevention typically focuses on either a universal approach where 
prevention is offered to the entire population or a targeted approach where those who 
are at highest risk are targeted with the intervention.  Our findings support the 
recommendation to target high risk children for the intervention of an early preventive 
dental visit.  Public health professionals and Medicaid administrators should aim at 
increasing the number of high risk children who see the dentist early for preventive 
services to reduce their need for treatment over time, but an early visit may not be 
necessary for children at low risk for disease.   
Under Early and Periodic Screening, Diagnostic and Treatment (EPSDT) dental 
services must be provided for children enrolled in Medicaid in accordance with a 
periodicity schedule determined by the state after consultation with recognized dental 
organizations involved in child health care.54  Currently, most Medicaid programs, 
including NC, recommend that the first dental visit take place at three years of age. We 
found that among children at higher risk for disease, a visit by about one year of age as 
compared to a visit by three years of age could result in fewer treatments and lower 
expenditures over time.  Children in this study who had a visit at age 25-36 months had 
the worse outcomes of all groups, suggesting that it is important for children with disease 
or at high risk for disease to see the dentist before age three.  Our findings also suggest, 
however, that for children at lower risk for disease, a first preventive visit at three years 
of age should result in no differences in oral health outcomes or dental expenditures 
over time as compared to a visit by age one.    
Requiring an early preventive dental visit for all children may not only be 
unnecessary, but also harmful by depleting already scarce resources and inadvertently 
reducing availability of dental care for children who need it.  A national shortage of 
dentists remains, and NC ranks 47th in the number of dentists per capita. Many dentists 
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are not willing to treat young children enrolled in Medicaid due to reimbursement fees 
that are set at below market rates and a lack of training in infant and toddler oral health 
care.  Thus, there is a severely limited capacity of dental appointments available to 
young children enrolled in Medicaid in NC.  A simulation study has shown that an early 
visit policy generally applied to the total population could increase the overall dental 
disease burden among Medicaid children where the capacity of the dental care system 
is limited.55  In coming years, more people may have dental insurance coverage due to 
the American Recovery and Reinvestment Act of 2009, thereby increasing the demand 
on dental providers and further constraining the supply of dental appointments available 
to young children enrolled in Medicaid.   
The study‟s findings indicate that efforts taken by Medicaid to identify high risk 
children, such as training health providers to identify high risk children, could provide 
early detection and treatment and lower their risk for subsequent disease. Although all 
children in Medicaid are considered to be at an elevated risk for disease as compared to 
the general population, children with cavitated lesions or other clinical indicators like 
white spot lesions and enamel defects are at higher risk for disease than other children 
in Medicaid.  Interventions that focus on getting children with disease or who are high 
risk for disease into the dentist are warranted.  A recent study found that a physician or 
other health provider advising a parent of a young child to see the dentist was 
associated with higher rates of dental utilization.56  Interventions that educate physicians 
on identifying children at high risk for dental disease and cultivate partnerships between 
medical and dental providers may therefore facilitate children at high risk being seen by 
a dentist early.35, 57 Furthermore, the recent Institute of Medicine study of dental 
workforce indicated a need for increased integration of medical and dental care.58 Other 
programs, such as the WIC program and Early Head Start, have also been shown to 
lead to higher rates of preventive and restorative dental use and lower rates of 
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emergency dental use.59-60  These programs may also be used to identify and refer 
young children at high risk for dental disease.   
The percent of Medicaid children at high risk for dental disease at a young age is 
unknown.  In our select sample of Medicaid enrollees who had a preventive dental visit 
before age 5, we found that approximately 1% of the sample received treatment before 
age 24 months.  In another study of select NC Medicaid enrolled children younger than 
three years of age who visited medical offices and received a risk assessment from a 
physician, 8% were identified as „high risk‟, mostly due to cavitated lesions being 
present.  This finding suggests that a significant portion of high risk children do not 
receive treatment before 24 months of age, and it would be important to identify these 
children.   
The study‟s findings also emphasize the importance of dentists taking the 
opportunity to provide preventive services when very young children present for 
treatment.  Using the third (tertiary) definition that allowed for treatment, we found that 
earlier receipt of preventive services lead to better outcomes.  We did not require that 
visits include fluoride to be designated as a preventive visit under this definition; 
however, we found that 80% of the preventive visits before age 18 months included a 
fluoride regimen.  Therefore, the study‟s findings suggest that dentists providing 
preventive services, including fluoride, to very young children could lead to lower 
treatments and associated expenditures over time.  
Limitations 
The primary limitation of this study is that it is observational and thus could suffer 
from selection bias from unobserved factors, especially unobserved risk of dental 
disease.  We could not randomly assign children to receive a preventive visit at an early 
age, so children at higher or lower risk for disease may have been more likely to go in 
earlier.  We controlled for selection bias based on observed variables by using 
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propensity score weights, but propensity scores can only control for observed 
characteristics.    Moreover, our measure of being at high risk, therefore receiving 
treatment before 24 months of age, had limitations. Receipt of treatment before 24 
months of age had a high level of correlation with the outcome and was not a true 
baseline measure of risk.  We did not have a strong measure of the child‟s baseline oral 
health risk status, so some amount of selection bias is still likely to remain. 
This study also likely suffers from other sources of omitted variable bias.  Our 
data on individuals was limited to claims files, so we did not have individual demographic 
data on the parents of the children in the study.  Socioeconomic characteristics, 
including family income and mother‟s education have been shown to be associated with 
dental utilization.  Moreover, we did not have any data on the child‟s oral health risk 
status or behaviors such as tooth brushing or diet that would influence their oral health 
and dental utilization.  If children whose parents are more highly educated were more 
likely to take their children in for an early preventive visit, it would be expected that 
children at lower risk for disease had early preventive visits and thus our results would 
overestimate the effect of an early preventive visit.  However, if children at higher risk for 
poor oral health were more likely to visit a dentist early, our results would be 
underestimating the effect of the early preventive visit.  The count of number of 
treatments includes extractions, which could be due to causes other than dental caries, 
however, such as from injury or trauma.  We may be over estimating the number of 
treatments due to caries for all children.   
The study only includes children enrolled in North Carolina Medicaid, so the 
results are not generalizable to children who are privately insured or uninsured, and may 
not be generalizable to other states.  Additionally, because of sample selection criteria, 
the final sample included only 25% of dental users and 10% of the entire eligible sample 
and may therefore not be generalizable to all children enrolled in Medicaid in North 
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Carolina or beyond. We did not require children to be continuously enrolled to be 
included in the sample, so children with periods of dis-enrollment may have received 
dental care that we did not measure.  However, studies show that when children have 
breaks in enrollment they are generally not receiving care elsewhere. We also adjusted 
for the percent of children who were continuously enrolled in each category by including 
it as a covariate in the propensity score analysis. In addition, we controlled for length of 
enrollment to account for different lengths of exposures to Medicaid coverage. 
The current study was limited to examining dental use for caries-related 
treatment; we did not measure the actual amount of dental caries for each child.   
Children who have their first preventive visits at older ages may use dental care less 
than children who have an early preventive visit regardless of their need for care.  We do 
not know the extent of disease present in each child from the data available in the 
claims. It will be important to study the actual disease status of the child to determine 
whether an early preventive visit has an impact on not only use of dental care, but also 
on oral health status.   
Conclusions  
Using our main definition of a preventive visit, children who had a preventive visit 
by age 18 months had fewer caries related treatments and lower associated 
expenditures than children who had a visit at age 25-36 months.  Our data indicated that 
children who had a preventive visit before age three years were at higher risk for disease 
than children who had visits at older ages as they were more likely to require treatment 
before age 24 months, suggesting that an early visit was effective among children at 
higher risk for disease.  Further, when we expanded the definition of a preventive visit to 
include children who required treatment and thus had worse oral health, children with an 
early preventive visit had fewer treatments per time enrolled and less treatment related 
expenditures per year than children who had visits at older ages.   
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These findings indicate that early preventive visits may be effective in detecting 
and suppressing disease for children at an elevated risk for disease. Our findings 
therefore support the recommendation to focus on children at high risk for dental disease 
before age three years.  The results also indicate that children at lower risk for disease 
can delay a first preventive visit until age three years without adverse outcomes.  
Physician risk assessment, as well as risk assessment conducted by programs such as 
the WIC program and Early Head Start, could be used to screen and identify children 
who would most benefit from referral to the dentist and early preventive dental visits. 
This study was limited to examining the effect of early visits on dental utilization, so more 
research is warranted to determine whether early preventive visits impact the oral health 
status of children.   
  
 
69 
  
Figure 4.1: Conceptual Framework 
 
Child characteristics
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Figure 4.2: Study population inclusion and exclusion criteria 
 
 
Exclusion Criteria
-Not still enrolled after age one (n=17,496)
-No dental visit (n=215,422)
-Received oral health prevention in a medical office (IMB) (n=56,225)
-Did not have any visits with paid dental claims (n=1,096) 
- Did not have a preventive visit by 60 months of age (n=35,534)
- First preventive visit was a visit that included a comprehensive evaluation 
and/or prophylaxis without fluoride (n=16,627)
- Received restorative treatment < 12 months of age (n=16)
- Enrolled for less than 12 months following their preventive visit (n=16,066) 
Included Sample
(n = 40,915)
Inclusion Criteria
NC Medicaid cohort enrolled October 1999 – June 2006 
Born on or after October 1, 1998 and before January 1, 2005 and 
enrolled before first birthday
(n=399,397)
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Table 4.1: "Preventive visit" definitions comparison chart 
Definition 
Targeted aim 
of visit 
Included preventive 
services 
Included CDT 
codes Treatment exclusions 
Main 
analysis 
Primary and/or 
secondary 
prevention 
Comprehensive 
evaluation and 
fluoride application  
D0120, D0150, 
(comprehensive 
evaluation) 
D1201 and 
D1203 (fluoride, 
with and 
without 
prophylaxis) 
No more than two restorative treatment procedures 
[CDT codes = D2000-D2999 (restorations, crowns, and 
other restorative services)] on the day of the visit or for 
any visit for 3 months (92 days) following the initial visit, 
and no other treatment [CDT codes =  D0140 (problem 
focused evaluation), D0415 - D0460 (tests and 
laboratory examinations), D0470- D0501 (pathology 
laboratory)] on the day of the visit or in an office-based 
visit for 3 months (92 days) following the preventive 
visit, or in a hospital-based visit for 6 months (182 
days) following the preventive visit 
Sensitivity 
Analysis 
#1 
Primary 
prevention 
Comprehensive 
evaluation and 
fluoride application  
D0120, D0150, 
D1201 and 
D1203 
No treatment procedures [CDT codes =  D0140, 
D0415, D0425, D0460, D0470-D0486, D0501, D2000-
D9999 (as defined above)] on the day of the visit, or in 
an office-based visit for 3 months (92 days) following 
the preventive visit, or in a hospital-based visit for 6 
months (182 days) following the preventive visit 
Sensitivity 
Analysis 
#2 
Primary, 
secondary 
and/or tertiary 
prevention 
Any preventive 
service 
(comprehensive 
evaluation, 
prophylaxis, and/or 
fluroide application) 
D1000-D1999; 
(prophylaxis, 
fluoride, other 
preventive 
services)  
D0120 and 
D0150 
All treatment procedures are allowed on day of visit and 
during months following 
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Table 4.2: Descriptive statistics of the sample for variables included in the main 
analysis and propensity score analysis by age of first preventive visit  
  Age of first preventive visit (in months)  
  Total <18  18-24  25-36  37-48  49-60  
  N=40,915 N=2,390 N=3,898 N=9,286 
N=14,15
9 
N=11,18
2 
  %/mean  %/mean  %/mean  %/mean  %/mean  %/mean  
  (sd) (sd) (sd) (sd) (sd) (sd) 
Outcome variables       
Number of caries related 
treatment procedures** 4.52 2.68 3.29 4.48 4.81 5.01 
 (6.77) (5.57) (5.95) (6.74) (6.92) (6.97) 
Expenditures associated 
with 
$110.28  $95.00  $101.65  $117.80  $111.98  $108.17  
dental treatment per 
year (163.31) (163.44) (170.20) (175.70) (161.90) (151.08) 
Individual level variables       
Race**       
    White  32.4 31.92 30.17 31.79 31.92 34.39 
    Black 43.51 38.58 41.94 43.2 45.74 42.53 
    Hispanic 13.92 20.04 16.47 14.1 12.62 13.23 
    Other 1.48 1.05 1.23 1.17 1.46 1.93 
gender (% female)** 49.77 45.98 48.02 50.53 50.64 49.45 
% Received treatment 
before 24 months of age 1.28 3.85 2.51 2.33 0.59 0.29 
Well child visits**       
    0 28.28 12.72 17.27 25.29 29.95 35.81 
    1 25.43 21.46 21.81 24.85 25.61 27.8 
    2 29.81 38.74 37.76 31.95 28.94 24.44 
 > 3 16.48 27.07 23.17 17.91 15.5 11.95 
Medical utilization**       
  < 5 visits 33.65 22.8 26.48 31.2 34.14 39.89 
    6-10 visits 36.71 38.79 38.15 37.29 37.16 34.73 
    11-20 visits 19.87 26.99 24.37 20.57 19.16 17.09 
  >20 visits 9.77 11.42 11.01 10.94 9.54 8.3 
% Continuously 
enrolled** 59.69 77.36 73.27 65.54 57.55 49.04 
Total enrollment 
(months)** 65.14 47.11 52.60 61.72 68.43 72.05 
 (15.94) (15.42) (16.00) (15.31) (13.53) (12.94) 
Age (in years) at end of 
follow-up 5.91 4.07  4.56  5.45  6.20  6.77  
 (1.43) (1.33) (1.41) (1.35) (1.17) (0.90) 
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County level variables 
Metropolitan status**       
    Urban   72.85 84.9 81.12 76.17 70.04 68.21 
    Non-metro 1 23.37 13.26 16.73 20.5 25.6 27.41 
    Non-metro 2 3.77 1.84 2.15 3.33 4.36 4.38 
Percent enrolled in 
Medicaid** 33.32 30.00 31.34 32.81 33.99 34.30 
 (8.68) (7.24) (7.58) (8.29) (9.04) (8.87) 
Number of dentists per 
capita in child's last year 
of enrollment** 4.40 5.13 4.98 4.61 4.21 4.13 
  (2.02) (1.90) (1.94) (2.01) (2.04) (1.96) 
* Statistically different at the p<.05 level; ** statistically different at the p<.01 level, 
differences 
between children in each age category using Chi square for binary variables and ANOVA for 
continuous variables       
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Table 4.3: Descriptive statistics of the sample for the definition of a preventive visit  
aimed at primary/secondary/tertiary prevention     
  Age of first preventive visit (in months) 
  Total <18  18-24  25-36  37-48  49-60  
  N=63,439 N=3,728 N=5,949 N=15,657 N= 22,605 N=15,500 
  %/mean  %/mean  %/mean  %/mean  %/mean  %/mean  
  (sd) (sd) (sd) (sd) (sd) (sd) 
Outcome variables       
Number of caries related 
treatment procedures** 6.08 3.31 5.59 7.05 6.25 5.69 
 (7.69) (6.34) (8.03) (8.39) (7.66) (6.92) 
Expenditures associated 
with 
$145.59  $113.41  $165.12  $177.22  $140.48  $121.32  
dental treatment per year (196.92) (199.19) (243.33) (226.52) (181.29) (157.03) 
Individual level variables       
Race**       
    White  33.62 34.17 32.36 33.17 32.96 35.41 
    Black 42.33 36.96 39.37 40.44 45.27 42.39 
    Hispanic 13.6 19.37 16.51 15.01 11.82 12.25 
    Other 1.92 1.26 1.43 1.73 1.98 2.37 
gender (% female)** 49.46 46.41 48.63 49.79 50.3 48.96 
% Received treatment 
before 24 months of age 2.53 13.22 17.67 0.26 0.07 0.05 
Well child visits**       
    0 29.12 12.98 17.67 26.44 31.16 37.14 
    1 25.55 21.27 22.04 25.01 25.88 27.99 
    2 29.2 37.9 36.83 31.29 27.91 23.96 
 > 3 16.13 27.84 23.47 17.26 15.06 10.91 
Medical utilization**       
  < 5 visits 33.58 21.7 27.38 31.34 34.34 39.98 
    6-10 visits 36.43 37.85 37.67 37.17 36.79 34.33 
    11-20 visits 20.01 27.58 23.33 20.53 19.47 17.16 
  >20 visits 9.99 12.88 11.62 10.97 9.4 8.53 
% Continuously 
enrolled** 56.87 75.64 69.54 61.7 55 45.35 
Total enrollment 
(months)** 66.08 47.89 55.18 63.41 69.51 72.32 
 (15.53) (16.26) (15.47) (14.73) (13.15) (13.08) 
Age (in years) at end of 
follow-up 6.04 4.17  4.82  5.64  6.35  6.89  
 (1.38) (1.43) (1.36) (1.30) (1.09) (0.82) 
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County level variables 
Metropolitan status**       
    Urban   70.67 80.79 77.68 73.1 68.59 66.11 
    Non-metro 1 24.98 16.28 19.6 23.17 26.28 29.06 
    Non-metro 2 4.36 2.92 2.72 3.72 5.14 4.83 
Percent enrolled in 
Medicaid** 33.80 30.79 31.93 33.25 34.52 34.75 
 (8.87) (7.89) (8.07) (8.63) (9.15) (8.92) 
Number of dentists per 
capita in child's birth 
year** 3.97 4.69 4.52 4.16 3.77 3.68 
 (1.83) (1.89) (1.88) (1.87) (1.78) (1.70) 
Number of dentists per 
capita in child's last year 
of enrollment** 4.28 4.94 4.79 4.46 4.09 4.02 
  (2.01) (2.00) (1.99) (2.02) (1.99) (1.94) 
* Statistically different at the p<.05 level; ** statistically different at the p<.01 level, differences 
between children in each age category using Chi square for binary variables and ANOVA for 
continuous variables       
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Table 4.4:  Incidence Density Ratios from the negative binomial model for the total   
number of treatment procedures over the months in enrolled in Medicaid  
  
  
  
Primary and Secondary 
Preventive Visit 
(N=40,915) 
Primary/Secondary/Tertiary 
Preventive Visit (N=63,439)  
 IDR  95% CI IDR  95% CI  
      Lower Upper     Lower Upper  
Age of first preventive visit           
< 18 months (Reference)           
18-24 months 1.10 ± 0.99 1.23 1.40 ** 1.29 1.52  
25-36 months 1.15 ** 1.04 1.27 2.08 ** 1.93 2.25  
37-48 months 1.01  0.91 1.11 1.49 ** 1.38 1.61  
49-60 months 0.86 ** 0.78 0.95 1.15 ** 1.07 1.25  
Individual level variables            
Race            
    White (Reference)            
    Black 0.80 ** 0.76 0.84 0.77 ** 0.75 0.80  
    Hispanic 1.57 ** 1.47 1.69 1.41 ** 1.34 1.49  
    Other 1.14  0.95 1.37 1.14 * 1.03 1.25  
Gender (female) 0.92 ** 0.88 0.96 0.93 ** 0.90 0.96  
Received treatment before 24 
months of age 5.42 ** 4.91 5.99 4.23 ** 3.95 4.53  
Age (in years) at end of follow-up 1.30 ** 1.27 1.32 1.21 ** 1.19 1.23  
County level variables            
Percent enrolled in Medicaid 2.13 ** 1.52 2.98 1.77 ** 1.40 2.25  
Metropolitan status            
    Urban  (Reference)            
    Non-metro 1 0.96  0.91 1.02 0.97  0.94 1.02  
    Non-metro 2 0.78 ** 0.68 0.90 0.86 ** 0.78 0.93  
Number of dentists per capita 0.99   0.98 1.00 0.99 ** 0.98 1.00  
Significance level: ± p<.10; *p<.05, ** p<.01        
Adjusted with weights that were the inverse of the propensity score developed based on multiple  
groups according to the technique of Imbens et al.   
Ratio of Maximum Weight/Minimum weight = 15.70  
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Table 4.5: Generalized Linear Model for the treatment related expenditures 
per year enrolled in Medicaid   
  
Primary and Secondary 
Preventive Visit (N=40,915) 
Primary/Secondary/Tertiary 
Preventive Visit (N=63,439) 
 β  95% CI β  95% CI 
      Lower Upper     Lower Upper 
Age of first preventive visit        
< 18 months (Reference)            
18-24 months 0.030  -0.064 0.124 0.29 ** 0.21 0.36 
25-36 months 0.126 ** 0.041 0.211 0.67 ** 0.60 0.73 
37-48 months 0.058  -0.025 0.141 0.41 ** 0.34 0.48 
49-60 months -0.027  -0.112 0.058 0.22 ** 0.16 0.29 
Individual level variables      
Race          
    White (Reference)          
    Black -0.22 ** -0.27 -0.18 -0.27 ** -0.31 -0.24 
    Hispanic 0.34 ** 0.27 0.40 0.25 ** 0.20 0.30 
    Other 0.08  -0.08 0.24 0.03  -0.05 0.12 
Gender (female) -0.06 ** -0.10 -0.02 -0.06 ** -0.09 -0.02 
Received treatment 
before 24 months of 
age 1.43 ** 1.33 1.53 1.23 ** 1.17 1.30 
Spline for months 
enrolled:          
    spline 1 0.0213 ** 0.016 0.027 0.0147 ** 0.01 0.019 
    spline 2 0.0021  -0.004 0.008 -0.0027  -0.008 0.002 
    spline 3 0.0047  -0.001 0.011 -0.0027  -0.008 0.002 
    spline 4 0.0071 * 0.0003 0.014 0.0045  -0.002 0.011 
County level variables          
Percent enrolled in 
Medicaid 0.82 ** 0.51 1.13 0.74 ** 0.50 0.98 
Metropolitan status          
    Urban  (Reference)          
    Non-metro 1 -0.017  -0.076 0.042 0.0037  -0.04 0.05 
    Non-metro 2 -0.27 ** -0.39 -0.16 -0.19 ** -0.27 -0.11 
# Dentists per capita -0.011  -0.025 0.003 -0.01 * -0.023 -0.002 
Constant 3.33 ** 3.00 3.66 3.68 ** 3.43 3.92 
Significance level: ± p<.10; *p<.05, ** p<.01    
Adjusted with weights that were the inverse of the propensity score developed based on 
multiple groups according to the technique of Imbens et al. 
Ratio of Maximum Weight/Minimum weight = 15.70 
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Figure 4.3: Predicted total dental costs based on GLM model (Main analysis: Primary 
and Secondary Prevention Definition) 
 
 
 
Note: Expenditure figures are based on average child in the sample, i.e., children who 
were black, male, who did not receive treatment before age 24 months, enrolled in 
Medicaid for 65 months and living in an urban county with 33% of the population on 
Medicaid, and 4.4 dentists per capita.
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Figure 4.4: Predicted total dental costs based on GLM model (Tertiary Prevention 
Definition) 
 
 
 
Note: Expenditure figures are based on average child in the sample, i.e., children who 
were black, male, who did not receive treatment before age 24 months, enrolled in 
Medicaid for 66 months and living in an urban county with 34% of the population on 
Medicaid, and 4.28 dentists per capita.
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Table 4.6:  Incidence Density Ratios from the negative binomial model for 
the total number of treatment procedures over the months enrolled in  
 Medicaid without controlling for treatment before 24 months 
         
  
Primary and Secondary 
Preventive Visit 
(N=40,915) 
Primary/Secondary/Tertiary 
Preventive Visit  
(N=63,439) 
   
95% CI 
  
95% CI 
   IDR   Lower Upper    IDR   Lower Upper 
Age of first preventive 
visit 
   
  
    < 18 months 
(Reference) 
   
  
    18-24 months 1.03 
 
0.93 1.15 1.43 ** 1.32 1.55 
25-36 months 1.07 
 
0.98 1.18 1.45 ** 1.35 1.55 
37-48 months 0.91 ± 0.83 1.00 1.06 ± 0.99 1.14 
49-60 months 0.79 ** 0.71 0.87 0.84 ** 0.78 0.90 
Individual level variables 
   
    
   Race 
   
    
       White (Reference) 
   
    
       Black 0.78 ** 0.75 0.82 0.77 ** 0.74 0.79 
    Hispanic 1.62 ** 1.51 1.74 1.48 ** 1.41 1.55 
    Other 1.15 
 
0.97 1.36 1.16 * 1.05 1.29 
Gender (female) 0.94 ** 0.89 0.98 0.93 ** 0.90 0.96 
Age (in years) at end of 
follow-up 1.26 ** 1.24 1.29 1.17 ** 1.15 1.18 
County level variables 
   
    
   Percent enrolled in 
Medicaid 2.06 ** 1.49 2.87 1.82 ** 1.44 2.29 
Metropolitan status 
   
    
       Urban  (Reference) 
   
    
       Non-metro 1 0.96 
 
0.90 1.02 0.98 
 
0.94 1.02 
    Non-metro 2 0.77 ** 0.68 0.87 0.84 ** 0.78 0.91 
Number of dentists per 
capita 0.99   0.98 1.01 0.99 * 0.98 1.00 
Significance level: ± p<.10; *p<.05, ** p<.01 
     Adjusted with weights that were the inverse of the propensity score developed 
based on multiple groups according to the technique of Imbens et al.  Ratio of 
Maximum Weight/Minimum weight = 15.70 
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Table 4.7: Generalized Linear Model for the treatment related expenditures per 
year enrolled in Medicaid without controlling for treatment before 24 months 
   
  
Primary and Secondary 
Preventive Visit (N=40,915) 
Primary/Secondary/Tertiary 
Preventive Visit (N=63,439) 
 
β 
 
95% CI β 
 
95% CI 
      Lower Upper     Lower Upper 
< 18 months (Reference) 
    
        
18-24 months -0.012 
 
-0.107 0.083 0.32 ** 0.25 0.39 
25-36 months 0.073 ± -0.012 0.159 0.38 ** 0.31 0.44 
37-48 months -0.028 
 
-0.111 0.055 0.13 ** 0.07 0.20 
49-60 months -0.115 ** -0.200 -0.031 -0.05 
 
-0.12 0.02 
Individual level variables 
    
  
   Race 
    
  
       White (Reference) 
    
  
       Black -0.24 ** -0.28 -0.19 -0.29 ** -0.32 -0.25 
    Hispanic 0.36 ** 0.29 0.42 0.28 ** 0.24 0.33 
    Other 0.08 
 
-0.07 0.24 0.05 
 
-0.04 0.15 
Gender (female) -0.05 * -0.09 -0.01 -0.06 ** -0.09 -0.03 
Spline for months enrolled: 
    
  
       spline 1 0.0203 ** 0.0148 0.0258 0.0122 ** 0.0082 0.0162 
    spline 2 -0.0002 
 
-0.0066 0.0062 -0.0054 
 
-0.0103 -0.0005 
    spline 3 0.0038 
 
-0.0021 0.0097 -0.0029 
 
-0.0075 0.0018 
    spline 4 0.0070 * 0.0003 0.0138 0.0035 
 
-0.0023 0.0092 
County level variables 
    
  
   Percent enrolled in 
Medicaid 0.84 ** 0.54 1.14 0.84 ** 0.57 1.11 
Metropolitan status 
    
  
       Urban  (Reference) 
    
  
       Non-metro 1 -0.027 
 
-0.085 0.032 0.0050 
 
-0.04 0.05 
    Non-metro 2 -0.29 ** -0.40 -0.18 -0.21 ** -0.28 -0.13 
# Dentists per capita -0.0103 
 
-0.0244 0.0038 -0.01 * -0.0200 -0.0003 
Constant 3.49 ** 3.18 3.81 4.07 ** 3.85 4.29 
Significance level: ± p<.10; *p<.05, ** p<.01 
     Adjusted with weights that were the inverse of the propensity score developed based on 
multiple groups according to the technique of Imbens et al.   
Ratio of Maximum Weight/Minimum weight = 15.70 
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5. EFFECT OF EARLY PREVENTIVE DENTAL CARE ON DENTAL CARIES 
EXPERIENCE 
 
5.1 Abstract 
Objective:  Early Childhood Caries (ECC) is the most prevalent chronic disease of 
childhood and dental care is the number one unmet healthcare need.  Professional 
organizations are aggressively promoting a preventive dental visit by age one, but there 
is not strong evidence on effectiveness of early preventive dental care.  This study 
determines the effects of the timing of a first preventive visit to the dentist before age 5 
years on subsequent dental caries history.   
Methods:  This retrospective cohort study used NC Medicaid claims (1999-2006) linked 
to NC oral health surveillance of kindergarten students (2005-2006).  We identified 7,329 
children in the surveillance database who were enrolled in Medicaid and had a dentist 
visit.  Caries experience (dmft) was compared for children who had their first preventive 
visit paid by Medicaid before age 24 months (n=329), at age 24-36 months (n=1,372), at 
age 37-48 months (n=2,744), or at age 49-60 months (n=2,884) using a zero-inflated-
negative-binomial regression model. We estimated the relationship between timing of a 
first preventive visit and receipt of complete treatment with a logistic regression model.  
Both models controlled for individual and county characteristics and adjusted for 
selection with propensity score weights.   
Results:   Children who had a preventive visit by age 24 months had no statistically 
significant difference in dmft scores at time of examination in kindergarten relative to 
children who had their first preventive visit at age 24-36 months, age 37-48 months, or at 
age 49-60 months. However, at the p<.10 level, children who had a visit at age 37-48 
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months and age 49-60 months had a lower dmft index than children who had a visit by 
age 24 months (37-48 months: IDR, 0.90, 95% CI, 0.80-1.01; 49-60 months: IDR, 0.90, 
95% CI, 0.80-1.01).  No difference was observed in the likelihood of having all disease 
treated by age 5 years between children who had a visit by age 24 months and other 
children.  
Conclusions:  Children with early preventive visits had no difference in their subsequent 
disease status or the likelihood of complete treatment from other children in our sample 
of NC Medicaid dental users. Our data indicated that children who had an early 
preventive visit were more likely to have disease early in life, which is a strong indicator 
of future disease. Therefore, the lack of a difference in subsequent disease status could 
indicate that early preventive dental visits may be suppressing subsequent disease for 
children at high risk. 
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5.2 Introduction 
Early Childhood Caries (ECC), or dental decay in children younger than six years 
of age, is the most prevalent chronic disease among young children.  ECC is an 
infectious and transmissible disease caused by acid-forming bacteria which can be 
acquired by toddlers shortly after their first teeth erupt, which is generally around six 
months of age.1  Children under age six years are diagnosed with ECC if they have any 
primary tooth surfaces that are decayed (cavitated or non-cavitated lesions that are 
untreated), missing due to dental caries, or filled.2  Mothers pass decay-causing bacteria 
to their children; approximately 71% of genotypes of bacteria in infants are identical to 
those found in their mothers.3  The child‟s sugar intake, bottle feeding practices and oral 
hygiene also contribute to the development of ECC.4-5  
The prevalence of ECC among preschool aged children has increased 
significantly from 24 to 28% in the last decade.6-7  Forty percent of North Carolina (NC) 
children have experienced ECC by kindergarten.8  Low income and minority children 
have higher rates of dental caries but the lowest rates of dental care utilization of 
children of any socioeconomic group despite being covered by Medicaid.9   
Consequently, low-income children have five times more untreated disease than children 
in higher-income families.9  ECC can impair children‟s overall health, speech, growth, 
and school performance.7,10, 11-12 
However, ECC is a preventable disease and its effects are largely reversible in 
the early stages.8   ECC can be prevented by establishing good oral hygiene, optimizing 
fluoride exposure, and promoting good nutrition.13  To maximize exposure to preventive 
services early, professional organizations are aggressively promoting a first dental visit 
by age one.14-17    Currently, the American Dental Association (ADA), American Academy 
of Pediatrics (AAP) and the American Academy of Pediatric Dentistry (AAPD) all 
recommend that children establish a dental home by 12 months of age.14-16    During early 
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preventive visits, children can receive an assessment for disease risk, early detection 
and treatment services, preventive care such as fluoride therapy, and anticipatory 
guidance.13, 15, 17-18 
Professional fluoride applications with parental counseling can prevent dental 
caries increments in very young children.19  According to recent systematic reviews of 
randomized control trials, topical fluorides can prevent caries in both primary and 
permanent teeth.20-21  Anticipatory guidance delivered during medical visits of very young 
children has been shown to increase parents‟ knowledge and change behaviors related 
to general health topics.22-25  A study of oral health counseling delivered to parents of 
young children in medical offices showed a rather substantial reduction in the incidence 
of ECC.26  Likewise, anticipatory guidance during a child‟s early dentist visits may reduce 
risk of ECC by informing parents and helping them change behaviors that would lead to 
better oral health.27-28   
Despite the evidence that early prevention could lead to better oral health 
outcomes, there is not strong evidence that a preventive dental visit as early as one year 
of age is preferential to starting preventive dental visits at older ages.   Three recent 
studies on the effects of early preventive visits had conflicting results. One study in NC 
Medicaid (1992-1997) found that children who had a preventive visit by age one were 
more likely to have subsequent preventive visits and had lower dental costs over time 
than children who had visits at later ages.29 A study using data from Wisconsin Medicaid 
and another study among Medicaid enrolled children in Michigan found no relationship 
between early preventive visits and dental costs or treatment use, however.30-31  All three 
studies had small sample sizes and did not control for selection bias. 
An analysis using the NC Medicaid claims from 1999-2006 found that among all 
children who had a preventive visit before they were three years old, children who had a 
visit before age 18 months had a lower rate of treatment and related expenditures than 
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other children. 32  The study also found that children who had a preventive visit before 
age three years appeared to be at higher risk for disease than other children.  
Furthermore, the study found that, among a broader sample of children in worse oral 
health, children who had an early preventive visit had a lower rate of treatment 
procedures and associated expenditures than other children.  The study concluded that 
early prevention could be effective in reducing risk for subsequent disease for children 
who were at high risk for disease.  The study was unable to adequately measure or 
control for a child‟s oral health risk status, however.  The actual disease status at age 5 
years for children who had their first preventive dental visits at various ages starting at 
around 1 year of age will help inform whether low or high risk children should visit the 
dentist early for preventive visits.   
The previous study‟s findings may also be due to the fact that some children use 
dental care less regardless of their need for care.  Children who had early or later 
preventive visits may have needed more dental treatment than other children, but did not 
receive the care they needed.  Dental claims do not include a diagnosis code indicating 
the severity or amount of disease present, so it is not possible to determine using 
insurance claims alone the amount of disease a child had or whether they received 
complete treatment.  Estimating the actual disease status of children who have 
preventive visits at different ages will help determine whether an early preventive visit 
has an impact on not only use of dental care, but also disease status. 
The purpose of this study was to estimate the effect of the timing of the first 
preventive dental visit on dental disease history and treatment in kindergarten students 
in North Carolina.  Although prior studies have examined the effect of early prevention 
on future treatment use, no prior study has examined the effect of early prevention on 
actual oral health status.  This study will add to the literature by estimating the effect of 
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early prevention on both treated and untreated dental caries, and we will adjust for 
selection bias to strengthen our conclusions. 
5.3 Methods 
 
Study Overview 
The study relied on a retrospective cohort design.  We provide a descriptive 
analysis of the disease status of all Medicaid children who were in the oral health 
surveillance database. Medicaid-enrolled children who had a preventive dental visit 
before the age of 24 months are then compared to those with preventive visits at an 
older age to determine the effect of early preventive care on dental caries history at time 
of examination in kindergarten. 
Conceptual Framework 
The framework for this study posits that initiating preventive dentist visits at a 
young age can reduce dental disease in children.  Children who receive early visits may 
be at a higher or lower risk for dental disease than other children, however (Figure 1). 
We assume that both child and county level characteristics affect the timing of a child‟s 
use of preventive dental care based on previous literature, but we do not have a 
complete measure of a child‟s risk status.29, 33-34  In theory, early prevention that includes 
fluoride regimens, anticipatory guidance and early detection and treatment should 
reduce caries increment.13, 15, 17-18  We therefore conceptualize a preventive visit as one 
that includes each of these components. Fluoride has strong evidence for effectiveness 
in reducing the incidence of dental caries in young children, thus we require that the visit 
include a fluoride regimen.   
The measured association between an early preventive visit and disease status 
may suffer from selection bias because children are not randomly assigned to receive a 
preventive dental visit at a young age.  Children who have an early preventive visit may 
be at lower risk than other children because they are more likely to engage in healthy 
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behaviors such as preventive health care, conversely, they may be at greater risk for 
dental caries and thus reflect need-based use. Thus, as shown in Figure 1, the 
unmeasured variable of the child‟s oral health risk can influence both the age of their first 
preventive visit and the disease status at age 5. Without adjustment, any observed 
differences between groups could be because of pre-existing differences rather than the 
effect of an early dental visit. We therefore adjusted for variables that are associated 
with investment in preventive care (well child visit utilization) and the child being at high 
risk for disease (receiving treatment before the age of 2 years).   Still, unmeasured 
aspects of oral health status may continue to bias the estimated relationship. 
Data sources  
 This study used data from the following sources: 
Medicaid claims and enrollment files 
The Medicaid files were originally obtained from the NC Division of Medical 
Assistance to evaluate the effectiveness of the “Into the Mouths of Babes” program.8  
These files include information for enrollment and reimbursement claims from October 
1999 to December 2006 for all children born on or after January 1, 1998.  These claims 
files provide detailed information on all reimbursement requests that were submitted by 
dental and medical providers to Medicaid. Pharmacy or drug claims were not obtained.  
All dental visits and procedures provided during a visit can be identified from the claim, 
as well as whether dental care was delivered in a private dentist‟s office, community 
health clinic, or hospital.  The enrollment files provide information about enrollment 
spells for each child enrolled in Medicaid.   
NC Surveillance of Dental Caries System (NCSoDC)  
The North Carolina Surveillance of Dental Caries System (NCSoDC) was made 
available for our study through the NC Oral Health Section, Division of Public Heatlh.  
The NCSoDC contains estimates on dental caries experience for almost all kindergarten 
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students in the state for almost every academic school year beginning in 1997.  
Information is collected through open mouth dental screenings by trained and 
standardized oral health professionals working for the state health department.  NC is 
the only state in the nation with such a surveillance system, and thus it provides unique 
data that make this study possible.35   The NCSoDC demonstrates good reliability for 
screeners compared to an experienced, reference examiner who performed a standard 
dental examination (mean Kappa>0.85 for any caries or mean caries score per child).36    
The NCSoDC provides basic demographic information on each individual child 
including name, date of birth, sex, race, school name, classroom identification number 
within school and county of residence.  Additionally, the NCSoDC provides a count of 
decayed, filled, and missing (molars only) primary teeth for each child, which is used in 
this study to obtain an index of the lifetime caries history for each kindergarten child.  
Surveillance information from the 2005-06 school year is used for this study.  This file 
contains 95,135 kindergarten children from 98 of the state‟s 100 counties, or 82% of the 
state‟s public school enrollment for this grade.  As detailed below, the NSoDC file for this 
academic year has been linked to the Medicaid claims files using the linking software 
Link King.37 
County-level data sources 
Census of Population and Housing Data from the U.S. Census Bureau were 
used to generate county level income variables.38  The North Carolina Health 
Professions Data System39 provided data on the supply of dentists in NC over the study 
period.  The Community-Level Information on Kids data set from the Annie E. Casey 
Foundation40 provided data on the number of children enrolled in Medicaid in each 
county.  The rural-urban classifications were derived from the rural-urban continuum 
codes available from the US Department of Agriculture Economic Research Center.41  
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Data merge: Medicaid claims and NCSoDC 
In order to conduct the analysis, we first needed to merge the NC Medicaid 
claims data to the NCSoDC database.  Because the two databases have no common 
subject identifier, we linked the files based on the child‟s name, date of birth, gender, 
race and county of residence. The two commonly recommended methods for merging 
data from two data sources when there is no common identifier is to either use a merge 
algorithm based on data linkage theory (probabilistic method), or to use a set of 
variables and select exact matches (deterministic approach).42-44   We used the Link King 
matching software program, a newly developed, publicly available record linkage 
software that uses both the deterministic and probabilistic methods to merge the two 
databases.37   
The Link King matches records at 5 levels of certainty: 1) highest; 2) very high; 3) 
high; 4) moderate; and 5) possible.  To determine the accuracy of the link created by 
Link King, we conducted a validation study of the software detailed in Appendix I.  
Briefly, we randomly sampled 230 linked records (N=45,295) and 50 non-linked records 
(N=35,119), stratified by level of certainty of match with unequal probabilities of 
selection.  For a gold standard, two research staff reviewed the software-generated 
linked records (or non-linked records) and determined whether each classified linked 
pair was a true match. Sensitivity (Sn) and Specificity (Sp) were calculated for decision 
rules corresponding to cutoff points at the 5 levels of certainty. The optimal cutoff point 
was determined from the ratio of the accuracy (defined as Sn multiplied by Sp) of 
adjacent levels and their 95% confidence intervals.  Confidence intervals for the ratio 
containing 1 were considered as evidence of similar accuracy levels for adjacent cutoff 
points. The minimum Sn (95% CI) value was 82.32% (76.62%, 88.02%) and the 
minimum Sp (95% CI) was 86.24% (78.28%, 94.20%).  The accuracy improved with 
each subsequent level of certainty.  For the current study, we conservatively included 
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matches that matched with a „high‟ certainty level (level 3) or better.  Previous studies 
have successfully linked NC epidemiologic clinical oral health data bases, including the 
NCSoDC, with Medicaid claims using primarily deterministic methods.34, 45-46  The Link 
King appears to provide advantages over methods previously used for these purposes. 
Study Population 
All children who were in kindergarten in the 2005-2006 school year and included 
in the NCSoDC dataset (n=95,127) were eligible for the study (Figure 2).  We sought to 
identify Medicaid children included in the NCSoDC, so we merged the NCSoDC with a 
Medicaid dataset containing all children who were enrolled before their first birthday in 
NC Medicaid during the period October 1999 – June 2006, who were born on or after 
October 1, 1998 and before January 1, 2001 and who were still enrolled after they 
turned age one (n=118,564). The merge resulted in a sample of 42,350 children who 
were included in both the Medicaid and NCSoDC datasets (a match rate of 36%). 
For descriptive analysis on disease status among Medicaid enrolled children, we 
used the sample of 42,350 children who were in both datasets.  For the main analysis, 
we restricted the sample to children who had a dental visit during the study period 
(n=26,339). We aimed to select children who had similar exposures to fluoride and 
preventive services so that the only difference would be the age that the preventive 
services started before they were 60 months old.  Therefore, children were further 
excluded if: 1) they received preventive dental services in a medical office (n=8,203); 2) 
they did not have any visits with paid dental claims (n=156); 3) they did not have a 
preventive visit as defined in this study by 60 months of age (as we were interested in 
the timing of the first preventive visit, not comparing children with and without preventive 
services) (n=9,897); or 4) they received any dental treatment prior to 12 months of age 
(n=1).  
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We also excluded children who were enrolled for less than six months following 
their preventive visit to ensure an adequate follow-up period (n=122) and children who 
were missing the dmft index score (n=631). One child in the sample had their first 
preventive visit after the date they were examined in kindergarten, and it was 
indeterminable whether one child‟s date of first preventive visit was before or after their 
examination date due to missing data.  Both children were dropped from the sample to 
ensure that we had accurate treatment counts on all children.  The final sample therefore 
included 7,327 children. 
Study Variables 
Dependent Variables 
The dependent variable was defined as a count of decayed, filled, and missing 
(molars only) primary teeth (dmft index) the child had during their examination in 
kindergarten.   Decayed teeth (d) are those with untreated cavitated lesions, filled teeth 
are teeth that had lesions that have been treated, and missing teeth are those that have 
been extracted because of disease. The entire dmft index provides a complete history of 
the child‟s caries experience, and the number of filled and missing teeth indicates what 
proportion of total disease has been treated.  All children were examined during the year 
they were in kindergarten (2005-2006), although the date of examination varied by 
school and school district across the state.  In general, children were approximately the 
same age at the time of examination; the average age of the sample on the examination 
date was 5.7 years with a standard deviation of 0.41 years, and there was no difference 
in average age among children who had their first preventive visit at different ages. 
Among children who had any disease (dmft>0), we used a binary dependent 
variable indicating whether the child received complete treatment (fm/dmft=1) to 
examine the effect of timing of a first preventive visit on receipt of treatment by the time 
the child was a student in kindergarten.  We chose to use a binary variable because, of 
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the children with disease, 84% either had all (61%) or none (23%) of their disease 
treated.  Therefore, only a small number of children had teeth remaining that were 
untreated, so we combined these children with those who had none of their disease 
treated so that the outcome was having all disease treated.   
Main explanatory variable 
The main explanatory variable of interest was a categorical variable indicating 
the age (in months) at the first preventive visit.   The age at first preventive visit was 
separated into four categories: <24 months, 24-36 months, 37-48 months, and 49-60 
months.    
In general, disease prevention focuses on three levels of prevention: 1) primary 
prevention -- preventing disease from starting; 2) secondary prevention -- detecting 
disease early and preventing disease progression; and 3) tertiary prevention -- reducing 
complications of disease and restoring functioning.  According to AAPD guidelines, an 
early preventive dental visit for Medicaid, or high-risk patients, should include an 
examination, prophylaxis, fluoride treatment, nutrition guidance, home care instructions, 
and feeding instructions.15  These guidelines combine components of primary prevention 
(prophylaxis, fluoride, and counseling to prevent disease initiation) and secondary 
prevention (examination and fluoride to prevent disease progression).  For the primary 
analysis in this study, we sought to identify preventive visits that were in line with the 
AAPD guidelines because we were interested in the policy question of whether the 
guidelines should recommend preventive visits for all children at very young ages.  
Identifying preventive visits according to this definition is difficult in insurance claims, 
however, because it is not possible to discern whether the parent took their child to the 
dentist in response to known disease or for a preventive check-up.  Dental claims do not 
include a disease status code like ICD codes in medical claims.  Moreover, dental care 
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usually is not acute, so a child can be examined for disease in an initial visit and treated 
in subsequent visits scheduled for several weeks later.   
In order to address the difficulty of identifying a preventive visit with claims data, 
we defined a preventive visit in three ways, depending on the type of disease prevention 
that the visit was focused on: 1) a visit for primary prevention; 2) a visit for primary 
and/or secondary prevention; and 3) a visit for primary, secondary and/or tertiary 
prevention.  For our main analysis, we used the second definition that included both 
primary and secondary prevention because it most closely followed the AAPD 
guidelines.  For sensitivity analyses, we used the other two definitions to see how 
sensitive the results were to our definition of a preventive visit. Each definition is defined 
in more detail in the next paragraph, and the definitions with their associated CDT codes 
are listed in Table 1. 
In the main analysis, we defined a preventive visit as one aimed at primary 
and/or secondary prevention.  We required that the visit include primary prevention in 
the form of professionally applied topical fluoride with or without secondary prevention in 
the form of diagnostic services and if treatment occurred, treatment of no more than a 
small amount of disease.  Specifically, we identified visits that included: 1) a 
comprehensive evaluation; 2) fluoride application;  3) no more than two restorative 
treatment procedures (restorative fillings or crowns) per visit on the day of the visit or for 
any visit for 3 months (92 days) following the initial visit; 4) no other treatment (including 
extractions or endodontic therapy) on the day of the visit or for 3 months (92 days) 
following the initial visit; and 5) no hospital-based visit within 6 months (182 days) of the 
initial visit.  We required that the visit include fluoride application because of the 
evidence that fluoride prevents dental caries, so a visit that did not include fluoride would 
not be in line with the guidelines for this high-risk population and may not be as effective.  
We chose 3 months as the time frame for office visits because the majority (over 80%) of 
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the sample who received dental treatment following a preventive visit had the treatment 
within 3 months, and we assumed that an interval of that length would be a long enough 
for treatment to occur but not long enough for a child to be due for his or her next 
preventive visit.  We chose 6 months as the time frame for hospital-based visits because 
there can be longer waiting times to be seen in a hospital setting, and the majority (over 
90%) of the sample who had a hospital visit following the preventive visit was treated 
within 6 months.    
For the first sensitivity analysis, we defined a preventive visit as one aimed at 
primary prevention.  We required that the visit include primary prevention in the form of 
fluoride application with no treatment of any disease to ensure that the visit was directed 
toward preventing disease from starting. The primary preventive definition did not allow 
for any treatment on the day of the visit or during the three months following the visit.  
Specifically, the primary preventive visit was defined as a visit that included: 1) a 
comprehensive evaluation; 2) fluoride application; 3) no treatment procedures 
(restorative fillings, crowns, extractions or endodontic therapy) on the day of the visit or 
for 3 months (92 days) following the initial visit; and 4) no hospital-based visit within 6 
months (182 days) of the initial visit.  We did not use this definition for the main analysis 
because we thought that by not allowing any treatment, selection bias would be 
exacerbated in the sample.  That is, selecting only children who visit the dentist for a 
check-up and require no treatment will lead to selecting children who are in better oral 
health.   
For the second sensitivity analysis, we defined a preventive visit as one aimed at 
primary, secondary and/or tertiary prevention.  Other studies examining the effect of 
early preventive visits using insurance claims have operationalized a child‟s first 
preventive visit as the date of the child‟s first preventive procedure, including a periodic 
visit and dental cleaning, with or without treatment for disease.  For comparison 
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purposes, we defined the third type of preventive visit as a visit that included any 
preventive services (comprehensive evaluation, prophylaxis with or without fluoride 
application) and any amount of treatment on the day of the visit and in the months 
following the initial visit with no time restriction on when the treatment occurred.  We did 
not use this definition for the main analysis because allowing for any treatment during 
the preventive visit biases the sample such that children who visit the dentist earlier are 
more likely to be in worse oral health because they will be visiting the dentist for a known 
problem. 
Additional control variables 
The analysis included both child-level variables and county-level variables 
chosen for the regression model based on previous research that found them to be 
associated with the likelihood of having preventive dental visits and dental disease.29,33-34  
The child level covariates in the model included the child‟s gender, race (White, Black, 
Hispanic, and Other), whether they received treatment before the age of 24 months, and 
the child‟s age at the end of follow-up.  Some evidence suggests that children at high 
risk for disease are more likely to visit the dentist early than those at lower risk, and 
children who experience dental disease early are more likely to have subsequent 
disease and more severe disease over time.47-48  We therefore included a binary variable 
indicating whether the child received any dental treatment before 24 months of age to 
control for the child‟s oral health risk status.   
The analysis also included the following characteristics of the child‟s county of 
residence: percent of the county‟s population age 18 and younger who were covered by 
Medicaid, the county‟s urbanicity, and the number of dentists per capita. The county‟s 
urbanicity was based on the Office of Management and Budget (OMB) metro and 
nonmetro categories that were subdivided into three metro and six nonmetro categories, 
resulting in a 9-part county codification.  We collapsed the 9-part county codification into 
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3 categories: 1) metro areas with fewer than 250,000 to 1 million or more people; 2) 
urban areas with populations of 20,000 or more or population of 2,500 to 19,999 
adjacent to a metro area; and 3) urban population of 2,500 to 19,999 not adjacent to a 
metro area or completely rural or urban population of less than 2,500 people.  Children 
living in areas with a greater supply of providers may be more likely to have an early 
preventive visit and receive subsequent treatment, thus we sought to control for the 
number of dentists per capita in the child‟s county of residence. The supply of dentists 
changed over the study period; we chose to include the number of dentists in the last 
year of the child‟s enrollment because that is when they would be most likely to receive 
treatment.  
Analysis Strategy 
Descriptive analysis of disease status 
 For the entire sample of Medicaid children included in the NCSoDC, we 
calculated the average dmft score, percent of children with any disease, average dmft 
score among those with any disease, and percent of children who received complete 
treatment for disease.  We compared the average dmft score for children  who had a 
preventive dental visit in each of the age categories to children who did not have any 
dental visits paid by Medicaid and to children who had no preventive dental visits 
(according to our main definition).  We used ANOVA to compare the average dmft score 
and chi squared tests to compare the proportion of children with disease and proportion 
of disease treated.  
Main analysis 
 A zero inflated negative binomial model (ZINB) was employed to test whether 
early preventive visits impact dental caries experience in children. We chose to use the 
ZINB model over a multivariate ordinary least squares (OLS) regression model because 
the individual dmft scores likely will violate the OLS assumption of having a normal error 
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term because of their skewed distribution and large number of zeros.  Additionally, the 
large number of zeros would lead to non-normally distributed error terms for Poisson and 
negative binomial regression models.  ZINB models can provide a better fit for dental 
caries data than zero inflated Poisson models.49  Because of the difficulty in interpreting 
coefficients when covariates are included in the excess zero component part of the 
model, we used an intercept-only model for the excess zero component and only 
included covariates in the negative binomial component of the model.   
   We used a logistic regression model to estimate whether there were 
differences in receipt of complete treatment for decayed teeth between children who had 
an early visit and other children among those who had disease. We used a binary 
outcome of whether or not the child had all of their decayed teeth treated as the 
dependent variable.  The model included the covariates described previously, excluding 
the variable indicating whether the child received treatment prior to age 24 months since 
it was part of the outcome.  The analysis also included the child‟s dmft index since the 
amount of disease a child has would influence whether the child received treatment.   
Propensity score analysis 
We used propensity score methods to control for selection bias as stated before.  
Propensity score methods, originally proposed by Rosenbaum and Rubin, have found 
wide application in the medical field.50   In this study, a propensity score provides the 
probability of having an early preventive dental visit.  A propensity score usually is 
derived using regression techniques to estimate the probability that a particular 
individual will be in one of two groups, i.e. the treatment group rather than the control 
group based on measured covariates. Recent applications have extended propensity 
scores to use with multiple groups, most commonly with a matching procedure, 
subclassification or inverse weighting method.51-54   Because of the complexity involved 
in developing a matching algorithm for multiple groups and the large sample size 
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required for the subclassification method, we applied the inverse probability weighting 
method developed by Imbens.54    
 In Imbens‟ method, the inverse of the probability that an individual would make 
the choice that he or she made (i.e., what age to first have a preventive dental visit) is 
used as a weight in the analysis. The inverse probability weighting was implemented in 
the following steps: 1) we estimated the likelihood of having a preventive visit at age <24 
months, 24-36 months, 37-48 months, or 49-60 months for each child with an ordered 
logit model; 2) we calculated the predicted probability of the child being in each age 
group from the resulting coefficients of the multinomial cumulative logit; 3) we developed 
the weights by taking the inverse of the child‟s probability of being in the actual group 
they were in; and 4) we used the weight in the regression analysis to adjust for selection 
bias. 
The ordered logit model included variables chosen for the regression model 
based on previous research that found them to be associated with the likelihood of 
having preventive dental visits.29, 33-34  We chose to use an ordered logit over a 
multinomial generalized logit model because the dependent variable for the propensity 
score analysis, age of first preventive visit, was ordered by age.  The variables in the 
model included whether the child was continuously enrolled in Medicaid or not, their well 
child visit utilization, and their medical utilization. A child was identified as continuously 
enrolled according to the HEDIS ® definition of continuous enrollment, i.e. they were 
continuously enrolled if they were not disenrolled for more than 45 days for each year of 
enrollment. In order to be coded as continuously enrolled, a child had to be continuously 
enrolled for each year of their enrollment period. Well child visit utilization was a 
categorical variable indicating whether the child had 0, 1, 2, or > 3 well child visits during 
the year of time when they were one to two years of age.  Well child visits were identified 
based on the child‟s Current Procedural Terminology (CPT) codes or if their primary 
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diagnosis was for a routine visit. We included well child visits to measure parent 
investment in prevention services. Medical utilization was categorized according to the 
number of visits per year enrolled that the child made to any medical provider, excluding 
well child visits.  Children were classified as low (< 5 visits), medium (5-10 visits), 
moderate (11-20 visits) or high (>20 visits) users of medical care.  We included medical 
utilization because children who interact more with the health care system should be 
more likely to use dental services, although those who are high users may have special 
needs and thus may be less likely to see a dentist.  
We also conducted a sensitivity analysis using propensity scores with two groups 
(a preventive visit by age 18 months or not) to determine if it altered the results 
compared to use of  multiple groups in calculation of propensity scores.  We derived the 
propensity score using the same covariates in a logit model, then calculated a weight as 
the inverse of the propensity score and incorporated the weight in the main analysis.  
We also conducted the analysis with no propensity score adjustment to determine if the 
results differed without the use of propensity score weighting. In addition, we conducted 
all of the analyses among all children who had a dental visit with children who had a 
preventive visit by age 24 months as the reference group to expand the generalizability 
of our results. 
The data were analyzed using SAS 9.1 and Stata 10.0.  All analyses use p<0.05 
as statistically significant.  This study was approved by the Institutional Review Board of 
the University of North Carolina at Chapel Hill and the North Carolina Division of Medical 
Assistance. 
5.4 Results 
Descriptive analysis of disease status 
 Medicaid enrolled children included in the oral health surveillance database who 
had never had a dental visit paid by Medicaid had a significantly lower dmft score than 
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other children, and children who had a visit but no preventive visits had a higher dmft 
score (Table 2).  Children who had never had a dental visit also had a lower rate of 
having any disease, and among those with any disease, lower rates of complete 
treatment.  Children who did not have a preventive visit had higher rates of disease and 
lower rates of treatment than children who had a preventive visit. 
Characteristics of the Study Sample 
Among the sample of 7,327 children enrolled in NC Medicaid who had a 
preventive visit by age 60 months, 329 (5%) had a preventive visit before age 24 
months, 1,372 (19%) at age 25-36 months, 2,744 (37%) at age 37-48 months and 2,882 
(39%) at age 49-60 months.  Children who had a preventive visit by age 24 months 
differed from children who had preventive visits at older ages (Table 3).  As compared to 
other children, children who had a preventive visit by age 24 months were more likely to 
have a higher number of well child visits, be moderate users of medical care, and be 
continuously enrolled. Children who had a visit by 24 months were more likely to live in 
urban counties that had a lower percentage of children enrolled in Medicaid and a higher 
number of dentists per capita.  
Effect of Age of First Preventive visit on dental caries history (dmft) 
Children in the sample for the main analysis had an average dmft score of 2.43 
at the time they were examined in kindergarten.  On the bivariate level, there was no 
difference in the dmft index score between children who had a preventive visit by age 24 
months and children who had their first preventive visit at older ages (Table 3).   
When the entire sample of children who had a dental visit were included in the 
analysis, and after adjusting for child and county level covariates and weighting based 
on propensity scores developed from multiple groups, children who had a preventive 
visit at age 37-48 months and 49-60 months had a lower dmft score than children who 
had a preventive visit before age 24 months at the p<0.10 level (37-48 months: IRR, 
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0.90, 95% CI, 0.80-1.01; 49-60 months: IRR, 0.90, 95% CI, 0.80-1.01) (Table 4). There 
was no difference in the dmft score between children who had a preventive visit before 
age 24 months and at age 24-36 months.   
Effect of Age of First Preventive visit on the likelihood of receiving complete treatment 
Among children with disease in the sample (n=3,747), 61% had received 
complete treatment by the time they were examined in kindergarten (Table 3).  Children 
who had a preventive visit by age 24 months were more likely to have received complete 
treatment than children with disease in the older age categories.  After adjusting for 
covariates and incorporating propensity score weights, however, there were no statistical 
difference in the likelihood of having received complete treatment between children who 
had a preventive visit by age 24 months and children in the other age groups (Table 5).   
Sensitivity analysis: Propensity score analysis  
The results of the sensitivity analysis for the propensity score using two groups 
with a logit model to derive the propensity score weights, as well as the results without 
propensity score adjustment, yielded results similar to the main analysis (results not 
shown).  In both analyses, there was no difference in the dmft index between children 
who had a preventive visit by age 24 months and other children, although children who 
had a visit at age 37-48 months and age 49-60 months had a trend to have a lower dmft 
index in the analysis with no propensity score weight adjustment.  The results for the 
likelihood of receiving complete treatment were also similar in both analyses; there was 
no difference between likelihood of complete treatment between children who received a 
visit by age 24 months and other children.   
Sensitivity analysis: Alternative definitions of a preventive visit 
The results using the definition aimed at primary prevention were similar in 
magnitude and direction as the main results (results not shown).  Using the definition for 
a preventive visit aimed at primary, secondary or tertiary prevention, children who had a 
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visit by age 24 months had a lower rate of caries than children who had a visit at age 24-
36 months (IRR, 1.12, 95% CI, 1.02, 1.24) and a higher rate of caries than children who 
had a visit at age 49-60 months (IRR, 0.89, 95% CI, 0.81-0.98) (results not shown).  For 
the analysis on the likelihood of complete treatment, children who had a visit at age 24-
36 months were more likely to receive complete treatment than children who had a visit 
by age 24 months (OR, 1.35, 95% CI, 1.05-1.73), but there was no difference in the 
other age categories.  
Sensitivity analysis: Entire surveillance sample who had a dental visit 
When the entire sample of children who had a dental visit were included in the 
analysis, children who had a visit by age 24 months (the reference group) had no 
difference in disease status than children who had not had a preventive visit by age 60 
months under our main definition for a preventive visit (Table 6).  However, children who 
had not had a preventive visit were significantly less likely to have received complete 
treatment for disease compared to children who had a preventive visit by age 24 months 
(OR, 0.47, 95% CI, 0.35-0.63) (Table 7).  Children who had a visit by age 24 months had 
a higher rate of caries than children who had a visit in each of the older age categories 
(25-36 months: IRR, 0.88, 95% CI, 0.79-0.99; 37-48 months: IRR, 0.87, 95% CI, 0.78-
0.96; 49-60 months: IRR, 0.87, 95% CI, 0.78-0.96), but there was no difference in the 
likelihood of receiving complete treatment.  
5.5 Discussion 
This is the first study to examine the effect of early preventive dental visits on 
subsequent oral health status.  In our sample of NC Medicaid children, children with an 
early preventive dental visit had the same number of teeth affected with dental caries at 
the time they were examined in kindergarten as children who had preventive visits at 
older ages.   Among children with a preventive visit who had experienced disease by the 
time they were examined in kindergarten, those who had an early preventive visit were 
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no more likely to receive complete treatment for disease than those with later visits.  
These findings generally were not sensitive to adjustments for selection biases or the 
different definitions of a preventive visit. 
 Our descriptive analysis of disease status of the entire Medicaid population 
revealed that children who never had a dental visit had lower rates of disease than 
children in our sample who had preventive visits.  This is likely due to the demand nature 
of dental care; children who needed care due to known disease or pain were probably 
more likely to see a dentist and receive preventive services.  Likewise, children who had 
dental visits but no preventive visits had worse oral health in kindergarten.  These 
children were likely in worse oral health as they required more than a small amount of 
treatment when visiting the dentist.  Children who did not have a preventive visit also 
had lower rates of complete treatment so they may have been less likely to use dental 
services overall.  In the multivariate analysis, these children had no difference in their 
disease status in kindergarten, but were significantly less likely to have received 
complete treatment for disease.  
We chose to focus on children who had a preventive visit by age 60 months for 
the main analysis because the primary research question was whether the timing of a 
first preventive visit changed a child‟s subsequent oral health status. In addition, our 
results indicated that the sample of children who did not have a preventive visit by age 
60 months were different in terms of their dental use so they would be a less comparable 
group than children who had preventive visits at older ages. We therefore only included 
the population of children who had a preventive visit by age 60 months in the main 
results. 
Children who have an early visit may also differ in their predisposition to disease 
relative to children who had preventive visits at older ages.  In a sample of children 
under age three years in Boston, children who had an early dental visit were more likely 
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to have disease.48  In our sample, children who had a preventive visit by age 24 months 
were substantially more likely than other children to have been treated for disease 
before two years of age even after adjusting for covariates.  Compared to children who 
had visits at later ages, children who had a preventive visit by age 24 months were likely 
at higher risk for dental disease due to factors that were not related to their receipt of 
early prevention, such as poor oral hygiene and sugar intake.  We adjusted for some 
amount of risk by including a binary variable indicating receipt of treatment before age 
24 months; however, not all children who were at high risk for disease received 
treatment before age 24 months.  One of the strongest predictors for future disease and 
more severe disease is having disease at a very young age.47  The lack of a difference 
in disease status for children who had early preventive visits compared to older ages 
may therefore suggest that early prevention was effective in suppressing disease 
incidence in those at greatest risk for subsequent disease. 
 Although no prior study has estimated the effect of early preventive visits on 
subsequent disease status, other studies have examined the effect of early prevention 
on treatment use.  As stated previously, these studies have provided conflicting results.  
A study using NC Medicaid data covering the period 1992-1997 found that children with 
early preventive visits were less likely to have subsequent restorative visits and had 
lower dental costs.  However, studies in Michigan and Wisconsin found no difference in 
dental costs between Medicaid children with early visits compared with other children.  
The lack of a difference in disease status between children with early visits and other 
children found in this study is similar to the results found in the Michigan and Wisconsin 
studies. It is not clear from the previous studies whether disease was left untreated, 
however, so children in the youngest age group in the previous NC study could have had 
more disease that was not treated.  NC, along with other states, had severe access to 
dental care problems at the time that study was conducted, and another study 
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conducted at around the same time found that Medicaid children had more untreated 
disease than children not enrolled in Medicaid.55 
  A study using a sample of NC Medicaid children that included the sample used 
in this study found that children with early preventive visits had fewer treatments and 
associated expenditures than children who had visits at age 25-36 months, but there 
was no difference between those with early visits and the older age groups. The study 
concluded that early preventive visits could result in better oral health outcomes for 
children at high risk for disease, but might not be necessary for all children.  The results 
of the current analysis contradict somewhat the findings of that previous study.  The 
present study found that children who had early preventive visits had the same number 
of teeth with disease as children who had visits at older ages.  This finding could be in 
part due to the extent of disease in children who had visits at older ages.  Children who 
visited the dentist at age 24-36 months had more treatment procedures on their first visit 
to the dentist than children in the earlier age category.  Children with early visits could 
have had less severe disease, therefore, even though the same number of teeth had 
disease. 
Moreover, when using the definition of preventive visits aimed at primary, 
secondary, or tertiary prevention, the previous study found that children who had earlier 
preventive visits had fewer treatments and associated expenditures than other children.  
The current study found that children who had a visit at age 24-36 months had more 
disease than children who had a visit by age 24 months, and children who had a visit at 
age 49-60 months had less disease.  Therefore, among children who have a preventive 
visit before age 36 months, i.e. by 24 months or at age 25-36 months, earlier 
intervention appears to be effective in reducing disease.  Children who have a visit by 
age 36 months are likely at higher risk for disease, thus this finding reiterates the need to 
  113 
intervene in the high risk population.  Children who had a first visit at age 49-60 months 
had less disease because they were likely at lower risk for disease.  
We also found that children who had a preventive visit at age 24-36 months were 
more likely to receive treatment than children who had early preventive visits.  Although 
we controlled for the child‟s dmft index in the any treatment analysis, children with a visit 
at age 24-36 months could be more likely to receive treatment in part because they had 
more disease.  As stated earlier, their disease could also have been more severe since 
they received a greater number of treatment procedures per tooth.   
However, this result could also indicate that children with early preventive visits 
did not receive all of the treatment they needed.  Children who had an early preventive 
visit using the definition aimed at tertiary, primary and secondary prevention were less 
likely to be regular users, that is, they were less likely to have at least one dental visit per 
year following their preventive visit.  Only 16% of children with a preventive visit by age 
24 months were regular users, compared to 25% of the entire sample.  Establishing a 
regular dental home where children can receive the preventive and treatment services 
they need on an ongoing basis appears to be an important component to preventing and 
treating disease.  One early visit was not effective in preventing disease and providing 
needed treatment in this sample. 
Policy Implications   
Under Early and Periodic Screening, Diagnostic and Treatment (EPSDT), dental 
services must be provided for children enrolled in Medicaid in accordance with a 
periodicity schedule determined by the state after consultation with recognized dental 
organizations involved in child health care.1  Professional organizations recommend a 
preventive dental visit by age one; however, NC, along with many other states, 
recommend that the first dental visit take place at three years of age unless there is the 
onset of disease before then. We found that children with early preventive visits had no 
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difference in their subsequent disease status or likelihood of receiving treatment 
compared with children who had later preventive visits; however, children who had a 
preventive visit before age three years were at higher risk for disease than children who 
had visits at older ages as they were more likely to require treatment before age 24 
months.  Taken together, these findings suggest that an early visit was effective among 
children at higher risk for disease.  Our findings indicate that for children at lower risk for 
disease, however, a first preventive visit at three years of age should result in no 
differences in subsequent disease status as compared to a visit by age one.    
Policymakers and providers should work to not only promote early visits for 
young children, but also help them establish a dental home for regular use.  The concept 
of the dental home is based on the AAP concept of the “medical home,” which is stated 
as “the medical care of infants, children and adolescents ideally should be accessible, 
continuous, comprehensive, family centered, coordinated, compassionate, and culturally 
effective.  It should be delivered or directed by well-trained physicians who provide 
primary care and help to manage and facilitate essentially all aspects of pediatric care.”56   
The dental home is supposed to function similarly and provide primary dental care needs 
to children.  Children who had an early visit were less likely to be regular users and less 
likely to receive needed treatment under the definition of a preventive visit aimed at 
primary, secondary or tertiary prevention.  Providers should work to establish 
relationships that promote regular use and a continuity of dental care for all young 
children, but especially those at high risk for disease. 
Children who have early disease, precursors to disease or special health care 
needs should be prioritized for early visits.  In order to prioritize children at elevated risk, 
professionals outside of the dental office must identify them and refer them to an 
available dentist.  Medical offices, Early Head Start, and the WIC program are all points 
of contact that have successfully been used to refer children to the dentist.57-58  Parents 
  115 
of young children who are advised by a physician or other health provider to take their 
child to  the dentist for a check-up are more likely to use dental care than those who are 
not.59  An intervention that educated physicians on referring NC Medicaid children who 
were less than three years old to the dentist found that the use of dental care among 
young children with decay increased from 12% to 36%.45 Further investigations into 
educating physicians and creating partnerships between medical and dental 
professionals to facilitate use of dental care among young high risk children are 
warranted.26, 60  
Mothers pass decay causing bacteria to their children, as such, children of 
mothers with high rates of caries are at increased risk for disease.3  Children of mothers 
who have a regular source of dental care are more likely to see the dentist, but only 38% 
of low-income parents have a regular source of dental care.61-63 Moreover, reducing 
infection in the mother at the time the infant‟s teeth erupt can significantly change the 
child‟s caries rate.64-66  Another point of intervention could therefore be to increase dental 
use among parents of children enrolled in Medicaid to reduce the risk of disease in the 
child, identify high risk children, and increase the dental use of young children at high 
risk.    
In order to prioritize children at high risk for disease, we need better tools to 
identify early disease and children with significant risk for disease. Professionals could 
identify children with “white spots,” which are precursors to cavitated lesions.67 
Physicians could use risk assessment tools that have been created to identify children at 
high risk.67  Additional research to develop more accurate tools to identify children at 
high risk before disease is present is warranted. 
Limitations 
The primary limitation of this study is that it is observational and thus could suffer 
from selection bias from unobserved factors, especially unobserved risk of dental decay.  
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We could not randomly assign children to receive a preventive visit at an early age, so 
children at higher risk for disease may have been more likely to go in earlier compared 
with low risk children.  We controlled for selection bias based on observed variables by 
using propensity score weights in the analysis, but propensity scores can only control for 
observed characteristics.  Furthermore, we only had data available on characteristics 
that would put children with early visits at lower risk for disease, such as well child visit 
use, so that bias due to children being at higher risk may still remain.  
In addition to selection bias, this study also likely suffers from other sources of 
omitted variable bias.  Our data on individuals was limited to claims files and the 
NCSoDC, so we did not have individual demographic data on the parents of the children 
in the study.  Socioeconomic characteristics, including family income and mother‟s 
education have been shown to be associated with oral health.  Moreover, we did not 
have any data on the child‟s oral health risk status or behaviors such as tooth brushing 
or diet that would influence their oral health and dental utilization.  If children whose 
parents are more highly educated were more likely to take their children in for an early 
preventive visit, it would be expected that children at lower risk for disease had early 
preventive visits and thus our results would overestimate the effect of an early 
preventive visit.  However, if children at higher risk for poor oral health were more likely 
to visit a dentist early, as we suspect, our results would be underestimating the effect of 
the early preventive visit.   
The measurement of our outcome variable, the number of decayed, missing and 
filled teeth, may also suffer from bias.  The measure was collected by trained oral health 
professionals, however, when counting the number of decayed, missing and filled teeth, 
an examiner is more likely to count a diseased tooth that has a filling than one without, 
and a silver filling than a tooth-colored one.  A dentist is also more likely to diagnose a 
cavity after examination with x-rays than in the type of visual examination done in this 
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study.  The count of caries for children who have not received treatment for all of their 
decay may therefore be biased downwards.  If children who have an early preventive 
visit are more likely to use dental care and thus receive treatment, this would bias our 
results downwards.  In addition, the caries experience of primary incisors is not counted 
in the surveillance dmft because they might be exfoliated and not present.  Previous 
analyses of Medicaid treatment claims have found more effect from early prevention on 
treatment of anterior teeth than posterior teeth, which would also bias our results 
downwards.  That is, early preventive visits may prevent more disease than our findings 
indicate.   
The study only includes children enrolled in North Carolina Medicaid, so the 
results are not generalizable to children who are privately insured or uninsured, and may 
not be generalizable to other states.  Depending on the definition of preventive visit 
used, the final sample only included 8-13% of children enrolled in NC kindergarten in 
2005-2006. Additionally, the final sample for the main analysis only included 13% of 
Medicaid dental users and 6% of the entire Medicaid eligible sample and may therefore 
not be generalizable to all children enrolled in Medicaid.   
Conclusions  
Children with early preventive visits did not differ in their subsequent disease 
status or likelihood of complete treatment from children who had later preventive visits in 
our sample of NC Medicaid dental users. Children who had early visits were more likely 
to receive treatment at a very young age, however. Thus, compared to children who had 
visits at later ages, children who had a preventive visit by age 24 months were likely at 
higher risk for dental disease due to factors that were not related to their receipt of early 
prevention.  In general, children who have disease early have a substantially higher risk 
of having more disease and a greater disease severity than other children.  The lack of a 
difference in subsequent disease status in our sample could therefore indicate that early 
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prevention is reducing subsequent incidence of disease for children who are highest risk. 
Early preventive dental visits may not be necessary for all children, but could be effective 
in reducing subsequent risk for disease for children at high risk. The recommendation for 
an early preventive dental visit should therefore focus on children at high risk for dental 
disease, especially when the supply of dentists is inadequate.   
Further, our results indicate that the establishment of a dental home and regular 
dental use is important in detecting and treating disease.  Early visits alone may be 
inadequate, but policies and providers should aim to establish a regular pattern of care 
for young children.  This study was limited to the effects of an early preventive visit 
among children who received a preventive visit by age 5, however.  Given constraints on 
dental supply and the increasing numbers of children enrolled in Medicaid and people 
covered by insurance, it will be important to examine the system wide impacts of 
increasing the number of early preventive visits on population level oral health. 
  119 
 
Figure 5.1: Conceptual Framework 
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Figure 5.2: Study population inclusion and exclusion criteria 
 
Exclusion Criteria
- No dental visit (n=16,011)
- Received oral health prevention in a medical office (IMB) (n=8,203)
- Did not have any visits with paid dental claims (n=156) 
- Did not have a preventive visit by 60 months of age (n=9,897)
- Received restorative treatment < 12 months of age (n=1) 
- Enrolled for less than 6 months following their preventive visit (n=122) 
- Missing dmft data (n=631)
- Date of first preventive visit was after date of examination (n=2)
Included Sample
(n = 7,327)
Inclusion Criteria: Medicaid 
Enrollment Data
NC Medicaid cohort enrolled 
October 1999–June 2006 
Born on or after October 1, 1998 and before 
January 1, 2001 enrolled before first 
birthday and still enrolled after age one
(n=118,564)
Inclusion Criteria: NCSoDC Data
2005-2006 kindergarten sample
(N=95,127)
Merged 
Sample
(N=42,350)
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Table 5.1: "Preventive visit" definitions comparison chart 
Definition 
Targeted aim 
of visit 
Included preventive 
services 
Included CDT 
codes Treatment exclusions 
Main 
analysis 
Primary and/or 
secondary 
prevention 
Comprehensive 
evaluation and 
fluoride application  
D0120, D0150, 
(comprehensive 
evaluation) 
D1201 and 
D1203 (fluoride, 
with and 
without 
prophylaxis) 
No more than two restorative treatment procedures 
[CDT codes = D2000-D2999 (restorations, crowns, and 
other restorative services)] on the day of the visit or for 
any visit for 3 months (92 days) following the initial visit, 
and no other treatment [CDT codes =  D0140 (problem 
focused evaluation), D0415 - D0460 (tests and 
laboratory examinations), D0470- D0501 (pathology 
laboratory)] on the day of the visit or in an office-based 
visit for 3 months (92 days) following the preventive 
visit, or in a hospital-based visit for 6 months (182 
days) following the preventive visit 
Sensitivity 
Analysis 
#1 
Primary 
prevention 
Comprehensive 
evaluation and 
fluoride application  
D0120, D0150, 
D1201 and 
D1203 
No treatment procedures [CDT codes =  D0140, 
D0415, D0425, D0460, D0470-D0486, D0501, D2000-
D9999 (as defined above)] on the day of the visit, or in 
an office-based visit for 3 months (92 days) following 
the preventive visit, or in a hospital-based visit for 6 
months (182 days) following the preventive visit 
Sensitivity 
Analysis 
#2 
Primary, 
secondary 
and/or tertiary 
prevention 
Any preventive 
service 
(comprehensive 
evaluation, 
prophylaxis, and/or 
fluroide application) 
D1000-D1999; 
(prophylaxis, 
fluoride, other 
preventive 
services)  
D0120 and 
D0150 
All treatment procedures are allowed on day of visit and 
during months following 
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Table 5.2: Disease status for entire population 
   
  
Average (std) 
number of decayed 
missing and filled 
teeth (dmft)** 
% With 
disease 
history 
(dmft>0)** 
Average 
(std) dmft 
for those 
with 
disease** 
% With disease 
who received 
complete 
treatment** 
Overall sample 
(N=38,813) 2.20 (3.20) 47.80 4.60 (3.22) 46.72 
No dental visits 
(N=24,370) 1.84 (2.97) 42.43 4.34 (3.15) 41.13 
No preventive dental 
visits (N=6,999) 3.20 (3.58) 63.21 5.07 (3.29) 47.76 
Age of first preventive 
visit 
      < 24 months (N=413) 2.83 (3.64) 53.27 5.31 (3.42) 68.18 
   24-36 months 
(N=1,310) 2.44 (3.26) 51.98 4.70 (3.14) 64.46 
   37-48 months 
(N=2,772) 2.36 (3.22) 50.43 4.69 (3.11) 59.87 
   49-60 months 
(N=2,949) 2.41 (3.36) 50.56 4.76 (3.30) 58.82 
** Statistically different at the p<.01 level, all categories different from one another using 
ANOVA for dmft and chi-square for percents. 
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Table 5.3: Descriptive statistics of the sample by age of first preventive visit 
  Age of first preventive visit (in months) 
  Total <24  24-36  37-48  49-60  
  N=7,329 N=329 N=1,372 N=2,744 N=2,884 
  %/mean  %/mean  %/mean  %/mean  %/mean  
  (sd) (sd) (sd) (sd) (sd) 
Outcome variables      
Number of decayed missing and 
filled teeth (dmft) 2.43 2.86 2.46 2.37 2.42 
 (3.31) (3.61) (3.28) (3.22) (3.35) 
% With disease (dmft>0) 51.13 54.1 52.04 50.58 50.87 
% With disease who received 
complete treatment** 61.05 67.42 65.55 60.09 59.00 
mean fm (for children with 
dmft>0)** 3.68 4.5 3.85 3.62 3.56 
 (3.48) (3.66) (3.39) (3.35) (3.61) 
Individual level variables      
Race**      
    White  32.46 38.6 32.07 30.76 33.56 
    Black 47.26 38.91 48.03 50.8 44.49 
    Hispanic 10.98 13.07 10.2 9.69 12.34 
    Other 1.69 0.61 1.38 1.53 2.12 
gender (% female)* 49.87 46.81 52.84 50 48.68 
% Received treatment before 24 
months of age** 0.5 2.43 1.09 0.36 0.14 
Well child visits**      
    0 32.28 19.45 29.37 32.47 34.95 
    1 26.13 23.4 24.85 25.29 27.84 
    2 26.63 30.7 29.08 27.66 24.03 
 > 3 14.95 26.44 16.69 14.58 13.18 
Medical utilization**      
  < 5 visits 38.49 33.43 36.37 37.57 40.95 
    6-10 visits 35.24 35.56 34.99 36.33 34.29 
    11-20 visits 17.16 20.67 17.71 17.31 16.37 
  >20 visits 9.1 10.33 10.93 8.78 8.39 
% Continuously enrolled** 51 64.74 57.58 52.73 44.66 
County level variables      
Metropolitan status**      
    Urban   65.59 72.64 69.97 63.88 64.32 
    Non-metro 1 29.84 23.71 26.02 31.41 30.86 
    Non-metro 2 4.57 3.65 4.01 4.7 4.82 
Percent enrolled in Medicaid** 34.95 33.08 34.00 35.29 35.28 
 (8.37) (6.76) (7.77) (8.60) (8.52) 
Number of dentists per capita in 
child's last year of enrollment** 4.00 4.39 4.23 3.94 3.90 
  (1.97) (1.94) (1.97) (2.01) (1.94) 
* Statistically different at the p<.05 level; ** statistically different at the p<.01 level, using 
Chi square for binary variables and ANOVA for continuous variables 
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Table 5.4: Incidence Rate Ratios for the total number of  
diseased, missing and filled teeth (dmft) in kindergarten (N=7,329) 
  IDR   95% CI  
      Lower Upper  
Age of first preventive visit      
  < 24 months (Reference)      
   24-36 months 0.92  0.81 1.03  
   37-48 months 0.90 ± 0.80 1.01  
   49-60 months 0.90 ± 0.80 1.01  
Individual level variables      
Race      
    White (Reference)      
    Black 0.93 ± 0.86 1.01  
    Hispanic 1.29 ** 1.16 1.44  
    Other 1.03  0.85 1.26  
Gender (female) 0.94 ± 0.88 1.01  
Received treatment before 24 
months of age 1.24 ± 0.98 1.56  
County level variables      
Percent enrolled in Medicaid 1.07  0.63 1.81  
Metropolitan status      
    Urban  (Reference)      
    Non-metro 1 1.00  0.92 1.09  
    Non-metro 2 0.90  0.72 1.11  
# Dentists per capita 0.99  0.97 1.01  
Constant -0.27 ** -0.36 -0.17  
± p<.10; *p<.05, ** p<.01      
Adjusted with weights that were the inverse of the propensity score  
developed based on multiple groups according to the technique of Imbens et al.   
Ratio of Maximum Weight/Minimum weight = 14.69   
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Table 5.5: Odds Ratios for the odds of having received complete treatment (fm/dmft=1)  
for decayed teeth among children who had disease (dmft>0) (N=3,747)      
  OR   95% CI     
      Lower Upper     
Age of first preventive visit         
  < 24 months (Reference)         
   24-36 months 1.11  0.78 1.59     
   37-48 months 0.95  0.68 1.33     
   49-60 months 0.90  0.65 1.26     
Individual level variables         
Race         
    White (Reference)         
    Black 1.21 ± 0.97 1.50     
    Hispanic 1.95 ** 1.41 2.70     
    Other 0.55 ± 0.30 1.03     
gender (female) 1.01  0.83 1.23     
dmft 1.08 ** 1.05 1.12     
County level variables         
Percent enrolled in Medicaid 0.02 ** 0.00 0.08     
Metropolitan status         
    Urban  (Reference)         
    Non-metro 1 0.84  0.66 1.06     
    Non-metro 2 0.48 ** 0.30 0.77     
# Dentists per capita 1.03   0.96 1.10     
± p<.10; *p<.05, ** p<.01         
Adjusted with weights that were the inverse of the propensity score developed based on  
multiple groups according to the technique of Imbens et al. 
Ratio of Maximum Weight/Minimum weight = 14.69  
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Table 5.6: Incidence Rate Ratios for the total number of diseased, 
missing and filled teeth (dmft) in kindergarten for all children with a 
dental visit (N=14,443) 
   IDR   95% CI 
      Lower Upper 
Type of dental visit 
      < 24 months (Reference) 
       24-36 months 0.89 * 0.79 0.99 
   37-48 months 0.88 ** 0.79 0.97 
   49-60 months 0.88 ** 0.79 0.97 
No preventive visit 0.97 
 
0.88 1.07 
Individual level variables 
    Race 
        White (Reference) 
        Black 0.91 ** 0.86 0.97 
    Hispanic 1.22 ** 1.13 1.31 
    Other 1.02 
 
0.88 1.18 
gender (female) 0.94 * 0.89 0.99 
Received treatment before 24 
months of age 1.23 * 1.05 1.46 
County level variables 
    Percent enrolled in medicaid 1.13 
 
0.77 1.67 
Metropolitan status 
        Urban  (Reference) 
        Non-metro 1 0.99 
 
0.93 1.05 
    Non-metro 2 0.90 
 
0.78 1.03 
# Dentists per capita 0.99 
 
0.97 1.01 
Constant -0.32 ** -0.39 -0.24 
± p<.10; *p<.05, ** p<.01 
Adjusted with weights that were the inverse of the propensity score  
developed based on multiple groups according to the technique of 
Imbens et al.  Ratio of Maximum Weight/Minimum weight = 30.90 
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Table 5.7: Odds Ratios for the odds of having received complete treatment 
(fm/dmft=1) for decayed teeth among all children who had a dental visit and had 
disease (dmft>0) (N=8,214) 
  OR   95% CI 
      Lower Upper 
Type of dental visit 
      < 24 months (Reference) 
       24-36 months 0.94 
 
0.68 1.31 
   37-48 months 0.83 
 
0.61 1.13 
   49-60 months 0.76 ± 0.56 1.04 
No preventive dental visit 0.47 
 
0.35 0.63 
Individual level variables 
    Race 
        White (Reference) 
        Black 1.03 
 
0.88 1.20 
    Hispanic 1.56 ** 1.25 1.94 
    Other 0.59 * 0.38 0.92 
gender (female) 1.02 
 
0.88 1.17 
dmft 1.08 ** 1.06 1.11 
County level variables 
    Percent enrolled in Medicaid 0.05 ** 0.02 0.15 
Metropolitan status 
        Urban  (Reference) 
        Non-metro 1 0.88 
 
0.74 1.04 
    Non-metro 2 0.59 ** 0.41 0.85 
# Dentists per capita 1.08 ** 1.03 1.13 
± p<.10; *p<.05, ** p<.01 
Adjusted with weights that were the inverse of the propensity score developed 
based on multiple groups according to the technique of Imbens et al.  Ratio of 
Maximum Weight/Minimum weight = 30.90 
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6. EFFECT OF PROMOTING EARLY PREVENTIVE DENTAL VISITS ON DENTAL 
UTILIZATION AND DISEASE 
 
6.1 Abstract 
Objective:  Professional organizations are aggressively promoting a first preventive 
dental visit by age one, but NC Medicaid recommends a first visit by age three.  This 
study created a preliminary model to simulate the effects of competing policies for the 
timing of a first early preventive visit for NC Medicaid children under age 5. 
Methods:  Using NC Medicaid data and surveillance data on disease in NC kindergarten 
children, as well as estimates from the literature, we built a discrete event simulation 
(DES) model to simulate the dental use and dental disease of NC Medicaid enrollees 
age 1-5 years old.  The model compared 3 alternative policies for the timing of a first 
visit: 1) current policy of a visit by age 3; 2) changing to a periodicity schedule that 
encourages an age one visit with low (15%) and high (35%) adherence; or 3) prioritizing 
high risk children (10% or 20% of population) at age one.  Each scenario was repeated 
for 100 replications.   
Results:   In each of the models, approximately 20% of children age 1-5 years old had 
experienced dental caries.  The percent (95% CI) of the population that received 
treatment for their decay and average wait times (95% CI) for each policy were as 
follows: current, 63.5% (63.1 – 63.9), 50.1 days (35.0 – 65.3); 15% adherence to age 
one, 54.7% (54.4 – 55.0), 247.8 days (244.8 – 250.8); 35% adherence to age one, 
40.4% (40.1 – 40.7), 313.8 days (313.3 – 314.4); target high risk (10%), 64.8% (64.4 – 
65.2), 128.4 days (115.7 – 141.1); and target high risk (20%), 57.1% (56.8 – 57.5), 252.4 
days (249.6 – 255.2).   
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Conclusions:  We found that targeting children at high risk for the age one visit and 
encouraging other children to have a visit by age three was the optimal policy when 
workforce is remains at the current level.  This policy is in line with the current periodicity 
schedule of NC Medicaid; however, increased efforts to identify children at high risk and 
get them to see the dentist early are warranted.  Future research should add complexity 
to the model to determine whether the results stay consistent. 
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6.2 Introduction 
 
Dental care is the number one unmet healthcare need for children, both because 
of its high prevalence and restricted access.1  Dental decay known as Early Childhood 
Caries (ECC) is the most prevalent disease among children younger than 6 years of 
age.  In North Carolina (NC), 40% of children have ECC by the time they reach 
kindergarten.2 Low-income children have the highest risk of disease; as many as 90% of 
low-income preschoolers have ECC.3 4-5  
Measures such as professional fluoride application and oral health counseling 
have been shown to prevent ECC.6-9  Yet, young children, particularly those in Medicaid, 
have poor access to preventive services and low utilization of dental care.  Only 1 in 4 
children enrolled in Medicaid have a preventive visit by age 5.  Although preventive 
measures have been shown to reduce the incidence of ECC, there is not strong 
evidence that a preventive visit by age one has added benefit to starting preventive 
dental visits at age three years.  Studies examining the effect of preventive dental visits 
before age three years on oral health outcomes in young children show conflicting 
results.10-14  Recent studies indicate that early prevention may be effective in reducing 
subsequent incidence of disease in children who are at high risk.10-14 
It is important to consider how increasing the number of children who have a visit 
at an early age may affect availability of dental care for older children. The supply of 
dentists is constrained nationwide, and NC ranks 47th in the number of dentists per 
capita. Many dentists are not willing to treat very young children due to a lack of training 
in infant and young child care. The supply for children enrolled in Medicaid is even more 
constrained as many dentists will not accept Medicaid patients due to reimbursement 
levels that are below market rates. Recommending early visits may therefore 
inadvertently take away needed dental care from children who have a greater need for 
  137 
dental care due to the limited supply of dentists available to treat young children enrolled 
in Medicaid.   
In fact, a decision analysis study has shown that early visits could increase the 
overall dental disease burden among Medicaid children where the capacity of the dental 
care system is limited.15  The study compared dental outcomes among young children 
where the rate at which children aged 1-3 receive dental care was increased to that of 
their older counterparts.  When the rate for 1-3 year olds visiting a dentist was increased 
to that of 4-5 year olds and the capacity of the dental workforce was fixed, children on 
Medicaid were crowded out of the dentist office and thus, their disease burden 
increased.   
Because of the competing priorities of preventing disease early and ensuring 
adequate access to care for all children who are at higher risk for disease, much 
discussion in recent years has centered on the appropriate age of a first preventive 
dental visit.16  To increase access to preventive care, the American Academy of 
Pediatric Dentistry and other professional organizations are aggressively promoting an 
age one dental visit for every child.6, 9, 17-18 However, many state Medicaid programs, 
including the one in NC, recommend that the first dental visit take place by at three years 
of age.  The American Academy of Pediatrics also recommends an age one dental visit 
for all children, but its policy statement calls for prioritizing high risk children before age 
three if the supply of dentists is limited.8  Under Early and Periodic Screening, Diagnostic 
and Treatment (EPSDT), dental services must be provided for children enrolled in 
Medicaid in accordance with a periodicity schedule determined by the state after 
consultation with recognized dental organizations involved in child health care.19   
Taking into consideration the current recommendations from national 
organizations, NC Medicaid primarily has the following options for a periodicity schedule: 
1) continue the current policy where the recommendation is for children to have their first 
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visit to a dentist by three years of age unless they have disease; 2) adopt the AAPD 
policy of an age one visit for all children regardless of risk; or 3) adopt the AAP policy of 
a first visit by age three unless the child is at high risk for disease occurrence, in which 
case they should see the dentist by age one or if they develop disease.  
This study examined the effects of the competing policies for the timing of a first 
early preventive visit for NC Medicaid children on the overall disease prevalence, the 
percent of children with disease who receive treatment, and the average wait time for a 
dental visit in the population.  The study is based on a preliminary model and it is the first 
to examine the alternative guidelines for a first preventive visit in NC Medicaid.  The 
study is preliminary as we make several limiting assumptions about how dental care is 
delivered to young children that do not hold true in reality.  Future iterations of the model 
will add complexity to test whether the findings of this paper hold with fewer 
assumptions. 
6.3 Methods 
 
6.3.1 Study Overview 
 
This study used discrete event simulation (DES) to examine the effects of the 
three alternative policy options for the timing of the first preventive visit among NC 
Medicaid children.  DES is a useful technique for modeling patient flow through medical 
systems because it allows for the modeling of utilization, waiting times and sensitivity 
analyses, and it has been used in the medical literature to quantify supply and demand 
and to study policy scenarios.20-22 
6.3.2 Conceptual Framework 
 
In theory, early prevention in dental care should result in lower rates of dental 
disease.  The availability of dental care is not very elastic, however, and many states 
including North Carolina suffer from a shortage of dental providers.  The availability of 
dental care for young Medicaid children is even more limited as many providers will not 
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accept Medicaid patients due to reimbursement levels below market rates, and even 
fewer providers accept very young children due to a lack of training in infant care.  This 
study posits that, with a limited workforce, there may be negative trade-offs to 
implementing the age one preventive visit for all children. We assumed a fixed dental 
capacity available to young children in Medicaid in NC.  Therefore, increased utilization 
of preventive visits by very young children must reduce or delay utilization in other age 
groups. If these children who are crowded out of the dental care system are at higher 
risk than the ones gaining access or have known disease, the overall disease 
prevalence and proportion of disease that is treated in the overall population could 
increase.  However, early prevention may also reduce caries such that the proportion of 
older children needing care is lower over time.  The investment in increasing age one 
visits now may pay off in future years by reducing need for care at older ages.  It is not 
known whether the potential gain in oral health from early prevention would, over time, 
offset the potential loss in oral health that could occur from crowding out older children 
with increased early visits. 
6.3.3 Model Overview 
 The model simulates the dental care use and dental disease of NC Medicaid 
enrollees.  We simulated children age one to five years old for one year. Children 
entered the model at a rate of 100 children per day to spread out the number of 
Medicaid children who would seek dental care in NC on a given day.  We assumed that 
some of the children would be at higher risk for disease, and a proportion of children 
would have already had a preventive visit, a proportion would be regular users of 
preventive care, and a proportion would have never had a preventive visit.  Based on the 
child‟s characteristics, he or she had a probability of having disease and seeking dental 
care or not.  Children who sought dental care entered a queue to wait for their dental 
visit.  Children who had been waiting the longest for a visit would be removed for a visit.  
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If the child had disease, they had a treatment visit, otherwise, they had a preventive visit. 
Children had one chance to have a dental visit in a given year, so after they had a visit 
or after they decided to not seek dental care, they left the model for the year. We 
calculated the time the child waited for a visit, the disease prevalence, and the 
proportion of children with disease who received treatment. 
 The model used the starting parameters summarized in Table 1. The simulation 
incremented in daily intervals for one year after reaching steady-state conditions, found 
to occur consistently after running the model for thirteen years. A flow chart of the model 
is shown in Figure 1.   As shown in the figure, the model progressed as follows: 1) each 
day, 100 new children were sampled and randomly assigned an age with a .20 
probability of being 1, 2, 3, 4, or 5 years old; 2) children were designated as “high-risk” or 
not with a 0.10 probability of being high risk; 3) children were assigned a „user type‟ (no 
prevention, ever had a preventive visit, regular user) based on age with the probabilities 
listed in Table 1; 4) children were assigned a disease status based on risk, user type, 
and age; 5) children were designated to seek dental care or not based on disease 
status, user type and age; 6) children who were designated to seek dental care arrived 
at the dental queue to wait for an available appointment, children who were not 
designated to seek care exited after their disease status was counted; 7) children in the 
dental queue who had been waiting the longest were removed to have a visit -- children 
with no disease had a preventive visit and children with disease had a treatment visit; 
and 8) children who had a visit were counted and exited the system.  The following 
sections detail the model and assumptions.  
6.3.4 Data Sources 
 
Current utilization rates and estimates for the effect of an age one visit for young 
NC Medicaid children were obtained from previous analysis of NC Medicaid claims and 
enrollment files.13-14  The claims files contained information for children enrolled from 
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October 1999 to June 2006 for all children born on or after January 1, 1998.  The 
Medicaid files were originally obtained from the NC Division of Medical Assistance 
(DMA) to evaluate the effectiveness of the “Into the Mouths of Babes” program and were 
used with this study through approval from the DMA.2   
Estimates for the proportion of disease that is treated by age 5 for Medicaid 
children were obtained by analysis that was conducted after combining the Medicaid 
data with the North Carolina Surveillance of Dental Caries (NCSoDC) dataset.14 The 
NCSoDC provides basic demographic information on each individual child including 
name, date of birth, sex, race, school name, classroom identification number within 
school and county of residence.  Additionally, the NCSoDC provides a count of decayed, 
filled, and missing (molars only) primary teeth for each child.  Information from the 2005-
06 school year surveillance was used for this study, which contains 95,135 kindergarten 
children from 98 of the state‟s 100 counties, or 82% of the state‟s public school 
enrollment for this grade.   
The ratio of dental providers accepting Medicaid patients to the Medicaid 
population was obtained by combining the data on current Medicaid providers from the 
NC DMA23 with the number of children enrolled in NC Medicaid from the Community-
Level Information on Kids data set from the Annie E. Casey Foundation.24 We used the 
percent of the Medicaid population deemed „high-risk‟ from a current study on young 
Medicaid children where physicians used a screening instrument to identify children at 
high risk for poor oral health during medical office visits.  We obtained dental disease 
prevalence estimates for young children from current literature.25  In addition, we 
corroborated estimates on dental utilization and the percent of disease treated by age 1, 
2, 3, and 4 years from estimates in the literature.25-26  As stated previously, disease 
prevalence and percent of disease treated estimates for children age 5 years were 
estimated from the NCSoDC. 
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6.3.5 Simulated Policy Scenarios 
 
 The purpose of the model was to compare policy options for the timing of a first 
preventive visit among NC Medicaid children.  Specifically, we were interested in 
whether keeping the current policy of a first visit by age three, changing to a periodicity 
schedule that encourages an age one visit, or prioritizing high risk children at age one 
would be the preferable policy.  As such, we ran the model under the following three 
policy scenarios: 
Scenario 1 –Baseline 
Under the first scenario, the current dental utilization rates were used for each 
age group.  This scenario assumed that the current Medicaid policy of recommending a 
first preventive visit beginning at age three will continue to be in place, thus utilization 
among one and two year olds will remain at their current low rate.  This model was used 
to establish face validity of the model. 
Scenario 2 – Increasing age one preventive visits for all children  
The second scenario assumed that the NC Medicaid periodicity schedule was 
adjusted to encourage children to establish a dental home by one year of age.  Because 
of the potential variability in following the recommended periodicity schedule, we ran 
sensitivity under this scenario with both a low (15%) and high (35%) uptake of the age 
one visit. Under the high uptake scenario, children in each of the age categories were 
projected to increase their utilization of preventive care to the current use rate by 5 year 
olds (35%).   
Scenario 3 – Targeting children at high risk for age one preventive visits 
The third scenario assumed that high risk children were targeted for the age one 
visit.  We assumed that other children use dental care at the current rates of utilization.  
It is not known what percent of the Medicaid population would be „high risk‟; however, 
recent data from a project where physicians in NC identify high risk children (the 
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Carolina Dental Home Project) showed that about 8% were high risk as defined by the 
presence of cavitated ECC or special health care needs, and when those considered to 
be at moderate risk because of non-cavitated ECC lesions, other enamel defects or risk 
factors were included, the number increased to 20%.  For the model, we defined „high 
risk‟ as a child with any disease at age 1 or 2 and/or a child with significant risk factors 
for disease. Because we do not know the exact proportion of Medicaid children who fall 
into this category, we ran the analysis two different ways: a) 10% of the Medicaid 
population was high risk; and b) 20% of the Medicaid population was high risk.   
6.3.6 Steps to the model 
 The model progressed in the following steps: 
Warm-up period to establish initial conditions 
 At the beginning of the model, no children are in the system and thus no one is 
waiting for a dental visit.  We therefore needed a warm-um period for children to enter 
the system so the model could reach „steady-state‟ condition, i.e., the condition where 
the variables in the system (wait time, utilization), were similar from one period to the 
next.27  That is, we needed a sufficient number of children to enter the system and the 
number of children in the dental queue to level out at current levels of utilization so that 
the data we collected reflect current levels of supply and demand in the baseline 
scenario.  We determined the warm-up period by examining a plot of the number of 
children in the dental queue over time.  The end of the warm-up period was set at the 
point the plot leveled out, which was after thirteen years. 
Generation of new children 
One hundred children were simulated per day during the year data were 
collected, thus, approximately 3,650 new children were simulated per year entered the 
model.  This sample is a subsample of the approximately 300,000 children age 1-5 years 
old enrolled in Medicaid.  We chose to use a smaller sample due to the model run length 
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time when using large numbers of children.  We scaled the parameter for dental 
availability down according to our smaller sample. Children were randomly assigned an 
age (1, 2, 3, 4 or 5 years) with an equal probability for each age, and a risk status (high 
or low) with a 10% probability of being high risk for the baseline scenario.     
Type of dental user 
 Children age 2 years were categorized as having had no previous preventive visit 
or having had one previous visit; we required that the child be at least 3 to have 
established regular use because we were defining it as one visit per year and thus 
needed to have two years prior where the child could have had a visit.  Children age 3 
and older were then separated into three types of users of preventive care: 1) no 
previous preventive visits; 2) at least one previous preventive visit; or 3) regular user of 
preventive care.  The probability of being each type of dental user by age is detailed in 
Table 1.  The probability of being a regular user was calculated as the proportion of 
children who had at least one preventive visit in the previous year times the probability of 
becoming a regular user at the given age.  The probability of becoming a regular user 
was taken from Medicaid claims data.  The probability of having had at least one 
preventive visit in the previous year was calculated according to the formula:  
Probability of having first preventive visit in the previous year + (proportion who had at 
least one preventive visit in previous year – proportion who became regular users) 
 
  The probability of having had at least one preventive visit and being a regular user 
increased for the scenarios where the first preventive visit at age one was the policy as 
the proportion of children who had a preventive visit in the previous year would increase.  
The probability of having had a preventive visit or being a regular user of preventive care 
varied by risk status for the scenarios where high risk children were targeted for a first 
preventive visit.  For the scenarios where high risk children were targeted, children who 
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were at high risk were designated as having had a preventive visit before or being 
regular users of preventive care.   
Disease prevalence 
Based on the child‟s age, risk status, and user type he or she was then randomly 
assigned disease or not. The rates of disease for the baseline scenario were chosen 
based on disease prevalence rates for children of each age derived from the literature.25 
For the other two scenarios, we assumed that the rates of disease for children in the 
older age categories decreased due to an increase in age one preventive visits.  Based 
on our previous study that found that rates of treatment were lower among high risk 
children who had preventive visits by age one,13 we assumed that the rates of disease 
for children at high risk for disease (i.e., 10% or 20% of the sample) decreased by 12.5% 
for children age 3 years who ever had a preventive dental visit and 19% for children age 
3 years who were regular users of prevention, and 6.25% for children age 4 and 5 years 
who ever had a preventive visit and 12.5% for children age 4 and 5 years who were 
regular users of prevention (Table 1).  Early preventive visits did not have on an effect 
on children not at high risk for disease,13-14 so we assumed no change in disease 
prevalence for other children. 
Seeking dental care 
 Children were designated to seek dental care based on their age, disease status 
and the type of usere.  The rates of seeking dental care for the base case scenario were 
based on current use of dental care by NC Medicaid children and can be found in Table 
1.  Given our definition of a preventive visit, only children without disease could have a 
preventive visit.  Therefore, the rate of children who sought preventive care was 
calculated as the percent of the entire population in Medicaid claims data who sought a 
preventive visit over the percent of children without disease (% entire population who 
sought prevention/% of children who do not have disease).  For example, for children 
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age four years old, 22% of the entire population in the Medicaid claims data sought 
prevention and the disease prevalence for four year olds was 34%.  The percent 
designated to seek prevention was therefore (0.22/0.66) or 0.33.  For the alternative 
policy scenarios, we altered the rate of seeking dental care for children who were one 
year of age based on the scenario.  Once children were designated to seek dental care, 
they entered the dental queue to wait for a dental appointment.  If children were not 
designated to seek dental care, they exited the model for the year. 
Dental visits 
 Children were removed from the dental queue for a dental appointment based on 
the first available appointment, with children on the list the longest getting highest priority 
for available slots (referred to as “first in, first out”).  Each child had one chance to have 
a dental visit in the year we collected data.  The time the child spent in the dental queue 
waiting for an appointment was collected as the child‟s wait time for a dental visit.  
Children who had disease had a treatment visit while children with no disease had a 
preventive visit.  Currently, 1,107 practices in NC accept Medicaid patients; assuming 
two appointments available per day, 2,214 appointments are available to young 
Medicaid patients per day in the state.  Per year that the model ran, we simulated 
3,650/300,000 or 1.2% of the young Medicaid population; so we assumed that 1.2% of 
the appointments, or 27 appointments, were available to our simulation per day.  Each 
dental appointment consumed one unit regardless of the type of visit or age of the child.  
After the dental visit, the child exited the model for the year. 
6.3.7 Model assumptions 
 The purpose of this study was to create an initial model to answer broad policy 
questions. We therefore made the following simplifying assumptions to the model: 
 A proportion of dental appointment slots are available to Medicaid children; we 
did not vary this proportion based on increased or decreased utilization by 
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privately insured children or older children and adults as our policy scenarios only 
concerned young children covered by Medicaid; 
 The proportion of dental appointment slots and utilization were overall statewide 
averages, we did not vary the rates by geographic location within the state; 
 Children had one chance per year to have a dental visit; we did not model 
multiple visits per child; 
 Children received a dental appointment based on the first available appointment, 
we did not vary who received visits earlier based on disease or age; 
 Each provider was assumed to have an equal probability of seeing a child age 1 
to 5, i.e. we did not vary whether a provider would see very young children based 
on the type of provider (pediatric or general); 
 Both a preventive and treatment dental visit consumed one unit (i.e., one 
appointment slot) of the available dental slots; 
 Any child with disease was assumed to have a treatment visit and children 
without disease were assumed to have preventive visits, therefore, we used a 
primary prevention definition for preventive visits; 
 Based on our previous studies,13-14 a preventive visit was assumed to decrease 
the risk for disease among high risk children but have little impact on disease for 
other children; 
 If a child had a treatment visit, we assumed they received complete treatment for 
caries, i.e. they had no untreated caries after a treatment visit. 
6.3.8 Assessing outcomes 
The average time each dental user spent waiting for an appointment was 
collected in the simulation.  In addition, we collected the disease prevalence, number of 
treatment visits, and the number of preventive visits for the overall population and by age 
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group.  The percent of disease that was treated for each age group was calculated by 
taking the total number of children with treatment visits over the total number of children 
with disease.  Each scenario was simulated 100 times and the results reported are the 
average of the all 100 replications.  We computed 95% confidence intervals around the 
estimates using the standard deviations from the 100 replications.  The model was built 
using MedModel.   
6.3.9 Model Validation 
 We used face validity to determine whether the model‟s behavior was in line with 
how we expected the system to behave.  We tested whether the model‟s outcomes were 
similar to utilization estimates found with the NC Medicaid data and the literature.  In 
addition, an expert on dental use and disease for young NC Medicaid children (Dr. 
Rozier) examined the results to determine whether they were reasonable.  We also 
performed sensitivity analyses by varying the number of dental slots available and use of 
dental care to determine if the model behaved as expected. 
6.4 Results 
6.4.1 Baseline model (status quo using current utilization numbers)  
 In the baseline model, 19.6% (95% CI, 19.5%-19.7%) of children age 1-5 years 
old had experienced dental caries in the year (Table 2).  Among children with dental 
caries, 63.5% (95% CI, 63.1%-63.9%) received treatment for their decay.  In the overall 
sample, 13.4% (95% CI, 13.3%-13.5%) of children had a preventive dental visit during 
the past year, and 17.3% (95% CI, 17.2%-17.4%) ever had a preventive visit; older 
children were more likely to have ever had a preventive visit [Age 1, 3.9% (95% CI, 
3.8%-4.0%) ; Age 2, 6.6% (95% CI, 6.4%-6.7%); Age 3, 16.6% (95% CI, 16.4%-16.8%); 
Age 4, 25.1% (95% CI, 24.9%-25.3%) ; Age 5, 30.4% (95% CI, 30.2%-30.7%)].  The 
average waiting time for a dental visit was 50.1 days (95% CI, 35.0-65.3) (Figure 2). 
6.4.2 Increasing age one preventive visits for all children  
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 When the percent of all children seeking preventive care at age one and age two 
was increased to 15% for the low uptake of an age one visit scenario, 19.4% (95% CI, 
19.3%-19.5%) of the sample experienced dental caries, similar to the baseline model.  
The percent of children with caries who received treatment was lower than baseline, 
54.7% (95% CI, 54.4%-55.0%) of children with disease received treatment.  The percent 
of children who ever had a preventive visit increased to 22.5% (95% CI, 22.4%-22.6%): 
12.7% (95% CI, 12.5%-12.9%) of one year olds had a preventive visit, 13.8% (95% CI, 
13.7%-14.0%) of 2 year olds, 17.2% (95% CI, 16.9%-17.4%) of 3 year olds, 25.2% (95% 
CI, 25.0%-25.5%) of 4 year olds and 36.1% (95% CI, 35.8%-36.3%) of 5 year olds.  The 
average waiting time for a dental visit was 247.8 days (95% CI, 244.8-250.8). 
 When the percent of all children seeking preventive care at age one, two, three 
and four was increased to the rate of five year olds (35%) for the high uptake of an age 
one visit scenario, 19.1% (95% CI, 19.0%-19.2%)  of the sample experienced dental 
caries by age 5.  The percent of children with caries who received treatment was lower 
than baseline (40.4%, 95% CI, 40.1%-40.7%); the percent of children who ever had a 
preventive visit increased to 35.2% (95% CI, 35.0% - 35.4%).  The average waiting time 
for a dental visit was longer than baseline at 313.8 days (95% CI, 313.3 – 314.4). 
6.4.3 Targeting children at high risk for age one preventive visits 
In the model where children at high risk were targeted for the age one visit and 
10% of children were assumed to be at high risk, 19.4% (95% CI, 19.3%-19.5%) of the 
sample experienced dental caries by age 5.  The percent of children with caries who 
received treatment was slightly higher than baseline (64.8%, 95% CI, 64.4%-65.2%); 
23.7% (95% CI, 23.6%-23.8%) of children ever had a preventive visit.  The average 
waiting time for a dental visit was 128.4 days (95% CI, 115.7-141.1).  When 20% of 
children were assumed to be at high risk, 17.9% (95% CI, 17.8%-18.1%) of the sample 
experienced dental caries by age 5.  The percent of children with caries who received 
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treatment was slightly lower than baseline (57.1%, 95% CI, 56.8%-57.5%); 18.4% (95% 
CI, 18.3%-18.5%) of children ever had a preventive visit.  The average waiting time for a 
dental visit was significantly longer than baseline at 252.4 days (95% CI, 249.6-255.2). 
6.4.4 Model validation 
 The baseline model accurately reproduced current utilization and disease 
prevalence numbers.  For the sensitivity analysis, increasing the supply of dentists 
resulted in decreases in wait times for a visit; likewise increasing utilization appropriately 
increased the wait time.  The results therefore demonstrated face validity. 
6.5 Discussion 
This study was a preliminary analysis to compare competing policy scenarios for 
the timing of a first preventive visit among NC Medicaid children.  We compared three 
alternative policies: 1) the current policy of a first visit by age 3 with low utilization among 
children one year of age; 2) changing the policy to promote age one visits among 
everyone, with estimates for both low and high adherence to the policy; and 3) targeting 
high risk children for the age one visit while allowing other rates of utilization to remain 
constant.  We found that targeting high risk children resulted in the most favorable oral 
health outcomes.  This policy would result in children with cavitated lesions or with 
special health care needs to have priority for dental visits during the early years of life. 
The American Academy of Pediatric Dentistry and other professional 
organizations are aggressively promoting an age one dental visit for every child.6, 9, 17-18 
In theory, early prevention could prevent disease through early detection and treatment, 
fluoride therapy and provision of anticipatory guidance.6-9   Early preventive visits could 
also crowd out older children who need care if the supply of dental appointments 
available to young Medicaid children is limited.15  If early prevention is highly effective in 
preventing disease, however, promoting early prevention could result in reduced need 
for treatment among older children over time.  The results of our model indicated that the 
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tradeoff between a policy for early prevention for all children with partial implementation 
and crowding out older children would not result in better oral health outcomes at the 
population level.  Early preventive visits have little to no effect on children who are not at 
high risk for disease.14  Increasing the rates of children who had early preventive visits 
therefore had a small effect on the overall prevalence of disease and treatment use, so 
that the number of children who needed treatment did not reduce at the same rate that 
the number of children who had an age one visit increased in the simulation.  Children 
who had disease were therefore left waiting without receiving the treatment they needed. 
Our results indicate that if efforts to increase utilization of an age one preventive 
visit were highly successful and the supply of available appointments remains fixed 
among NC Medicaid children, the percent of children who receive treatment for disease 
could decrease dramatically to less than half of children with disease.  Likewise, the wait 
time for a dental visit would increase substantially to over nine months.  The increased 
wait time is an important consideration as studies have shown that small amounts of 
dental disease can progress to extensive decay within a year in preschool aged 
children.28-29  Even if the adherence to the age one visit is low, the wait time for a dental 
visit was projected to increase to nearly four times the current wait time.   
Previous work on the effect of early preventive visits on treatment, expenditures 
and disease found that while early visits may not be effective for all children, early visits 
could result in fewer treatments and lower expenditures for children at high risk for 
disease.13  Our results indicate that targeting children at high risk for disease for early 
visits when 10% of the population is considered high risk could increase the proportion 
of disease that is treated and slightly lower the disease prevalence for older children .  
However, the wait time for a dental visit under this scenario did increase to over four 
months, so policies should consider the trade-off between increased utilization of young 
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children and potential negative consequences from an increased wait time for a dental 
visit.   
When we considered 20% of the overall population to be „high risk,‟ the 
prevalence of disease significantly decreased with targeting high risk children, but the 
percent of disease treated decreased and the wait time substantially increased.  
Because our model did not consider the potential increases to disease that could be 
caused by disease going untreated or long wait times for visits, it is possible that any 
gains in reducing disease prevalence from targeting high risk children could be offset by 
the loss in untreated disease and long wait times under this scenario.  It is unknown how 
many children enrolled in Medicaid are at high risk for disease, but recent data showed 
that 8% had cavitated lesions or special health care needs and 20% had non-cavitated 
lesions, other clinical risk factors, or significant behavioral risks. These findings indicate 
that NC Medicaid should focus on identifying the small proportion of children at highest 
risk for disease, particularly those with known disease, for the age one visit.   
Children enrolled in Medicaid are considered to be at higher risk for dental 
disease than the general population; however, within the Medicaid population, young 
children with cavitated lesions or other clinical indicators like white spot lesions and 
enamel defects are at higher risk for disease progression than other children.  
Interventions that focus on educating providers of young children to identify children at 
high risk and refer them to the dentist are warranted.  Medical providers, Early Head 
Start and WIC could also be possible points of contact where young children at high risk 
for disease are identified and referred to the dentist.30-33  Young children whose parents 
are advised by medical providers to take their child to the dentist for a check-up have 
higher rates of dental use.34 An intervention that educated physicians on referring young 
NC Medicaid children found that the use of dental care among young children with 
untreated dental caries increased from 12% to 36%.35  Further efforts should therefore 
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be made to educate physicians and other providers for young children to identify and 
refer children at high risk for disease to the dentist.   
Identifying children at high risk for disease is difficult; however, as few tools exist 
to identify children at high risk for disease before cavitated lesions are present.  Children 
with precursors to cavitated lesions, i.e. “white spots” are at higher risk and can be 
identified.26  Children of mothers with high rates of caries are also at higher risk for 
disease, so children at high risk could be identified by their mother‟s disease status. Risk 
assessment tools have been created for use in a doctor‟s office to identify children at 
high risk.26   Future research should develop better tools to identify children at high risk 
for disease and early disease before extensive decay is present.26 
The supply of available dental appointments for young children in Medicaid will 
likely become more constrained in coming years if more adults obtain dental coverage 
through measures provided in the American Recovery and Reinvestment Act of 2009, 
particularly if the supply of dentists remains relatively unchanged.  It will therefore be 
even more imperative to use the limited availability of care for children who need it most.  
Moreover, efforts to explore the use of other providers such as physicians and dental 
auxiliaries to provide preventive dental care for young children could ensure that care is 
available for the children at most risk. 
Limitations 
The results of this study should be interpreted with caution, as this was a preliminary 
model intended to provide a broad overview of the possible policies for the timing of a 
first preventive for the state of NC.  As such, the model made several simplifying 
assumptions as stated previously.  Primarily, we did not prioritize who gets a dental visit 
based on age or severity of disease.  In reality, more dental appointments are likely 
available to children age three and older as many general dentists will not see very 
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young children.  Dentists would also likely prioritize children with known disease or pain 
rather than treat on a first available appointment system.  Our estimates of „crowd out‟ of 
older children and a possible decrease in treated diseases are therefore likely too high.  
Also, we assumed that children across the state have the same access to care but in 
reality, there are many differences by geographic location.  The goal of this study was 
not to get an exact estimate, but to examine possible consequences of promoting an age 
one visit. 
Another limitation of the study was incomplete data to inform the model.  It is not 
known what percent of children in Medicaid are at high risk for disease.  It may be that 
the percentage is much higher than our estimate, which could mean that targeting high 
risk children for an age one visit would also have negative consequences for other 
children.  We also do not know the number of children who attempt to use dental care 
and are waiting for a visit.  We based these numbers on the number of children who 
currently use dental care, but there could be a large number of children who attempt to 
use care and are not able to be seen.  
Conclusions 
 This study compared alternative policies for the timing of a first preventive visit 
among NC Medicaid children.  We found that targeting children at high risk for the age 
one visit while encouraging other children to have a visit by age three was the optimal 
policy at the current level of dentist supply.  This policy is in line with the current 
periodicity schedule of NC Medicaid; however, increased efforts to identify children at 
high risk and get them into see the dentist early are warranted.  Future research should 
also focus on developing better tools to identify children who are at increased risk for 
disease.  Future iterations of this model should add complexity and relax the 
assumptions about which children would be first to be seen by a dentist and adding 
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geographic variation of the availability of dental care to determine whether the results 
are consistent. 
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Figure 6.1: Model overview 
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Table 6.1: Summary of starting parameters 
Symbol Description Value  Reference or Data source 
Indices    
k Age, k=1,…,5   
i High risk, i=1 (high), 0 (low)   
j 
Type of dental user, j=1 (no prior 
preventive visit); 2 (ever had a 
preventive visit); 3 (regular user)   
    
Variable assumed to be constant   
Spk=2-5 
Proportion of children who seek 
preventive care by age for 2-5 year 
olds 
Sp2=0.07; Sp3=0.18; 
Sp4=0.33; Sp5=0.35 NC Medicaid claims, [26] 
Stk 
Proportion of children with disease 
who seek treatment care by age 
St1=0.30; St2=0.40; St3=0.50; 
St4=0.63; St5=0.72 
NC Medicaid claims, 
NCSoDC 
DENT 
Number of dental appointments 
available to Medicaid patients on a 
given day 
27 (scaled for the sample of 
children in model) 
[23], [24] [proportion of 
Medicaid children under age 
6 included in our sample 
(3650/300,000)*Total # 
practices accepting 
Medicaid (1107)*(2) 
appointments/practice] 
    
Variables used to define scenarios   
Spk=1 
Proportion of children age one year 
who seek preventive care by age 
Sp1=0.04 at baseline; varies by 
scenario  
NC Medicaid claims 
(baseline) 
  
1
5
8
 
Symbol Description Value  Reference or Data source 
HR 
Proportion of sample assumed to be at 
high risk for disease 
10% (baseline and 10% high 
risk scenario); 20% (sensitivity 
analysis) Carolina Dental Home data 
Userk 
Type of preventive dental care user 
(never, ever had a visit, regular user of 
preventive care) 
 
Baseline: 
Never_user2=0.97, 
Ever_user2=0.03; 
Never_user3=0.92, 
Ever_user3=0.07, 
Regular_user3=0.01; 
Never_user4=0.79, 
Ever_user4=0.18, 
Regular_user4=0.03; 
Never_user5=0.61, 
Ever_user5=0.34, 
Regular_user5=0.05; 
 Low uptake: 
Never_user2=0.85, 
Ever_user2=0.15; 
Never_user3=0.85, 
Ever_user3=0.11, 
Regular_user3=0.04; 
Never_user4=0.79, 
Ever_user4=0.18, 
Regular_user4=0.03; 
Never_user5=0.61, 
Ever_user5=0.34, 
Regular_user5=0.05; 
High uptake: 
Never_user2=0.65, 
Ever_user2=0.35; 
Never_user3=0.60, 
Ever_user3=0.34, 
Regular_user3=0.06;  
  
1
5
9
 
Never_user4=0.55, 
Ever_user4=0.42, 
Regular_user4=0.08; 
Never_user5=0.40, 
Ever_user5=0.50, 
Regular_user5=0.10 
Dk,i 
Proportion of sample that has disease 
based on age, risk status and type of 
user  [25], NCSoDC 
Pek,j 
The percent reduction in disease 
prevalence among high risk children 
after an age one visit by age and type 
of user 
Pe3,2=12.5, Pe3,3=19; 
Pe4or5,2=6.25, Pe4or5,3=12.5 [13],[14] 
  
1
6
0
 
 
Table 6.2 Model results for competing scenarios 
Scenario 1: Baseline 
Scenario 2a: Age 
1 visit with low 
uptake (15%)  
Scenario 2b: Age 
1 visit with high 
uptake (35%)  
Scenario 3a: 
Uptake Only 
among High Risk 
(10% HR) 
Scenario 3b:  
Uptake Only 
among High Risk 
(20% HR) 
Scenario 1: 
Baseline 
%/95% CI            Lower - 
Upper 
%/95% CI            
Lower - Upper 
%/95% CI            
Lower - Upper 
%/95% CI            
Lower - Upper 
%/95% CI            
Lower - Upper 
%/95% CI            
Lower - Upper 
% of Children with caries 
experience   19.6     19.4    19.1    19.4    17.9  
 19.5 - 19.7 19.3 - 19.5 19.0 - 19.2 19.3 - 19.5 17.8 - 18.1 
Age 1   1.0     1.0    1.0    1.0    1.0  
 0.9 - 1.1 0.9 - 1.1 0.9 - 1.1 0.9 - 1.1 0.9 - 1.0 
Age 2   7.0     7.0    7.0    7.0    7.0  
 6.9 - 7.1 6.8 - 7.2 6.9 - 7.1 6.9 - 7.2 6.8 - 7.1 
Age 3   10.1     9.7    8.6    10.0    9.7  
 9.9 - 10.3 9.5 - 9.8 8.4 - 8.7 9.8 - 10.2 9.5 - 9.9 
Age 4   33.6     33.2    32.6    33.5    30.6  
 33.3  33.9 33.0  33.5 32.4  32.9 33.2  33.7 30.3  30.9 
Age 5   46.5     46.2    46.2    45.6    41.4  
 46.2 - 46.8 46.0 - 46.5 45.8 - 46.5 45.3 - 45.9 41.1 - 41.7 
% of Children with caries 
who have treatment visit   63.5     54.7    40.4    64.8    57.1  
 63.1  63.9 54.4  55.0 40.1  40.7 64.4  65.2 56.8  57.5 
Age 1   29.9     25.6    18.8    95.9    84.5  
 27.3 - 32.4 22.9 - 28.4 16.4 - 21.2 94.6 - 97.2 82.3 - 86.7 
Age 2   39.6     34.1    25.2    76.8    67.7  
 38.4 - 40.8 33.0 - 35.2 24.2 - 26.2 75.8 - 77.8 66.6 - 68.7 
Age 3   49.6     42.7    31.4    48.0    42.3  
 48.6 - 50.7 41.6 - 43.8 30.5 - 32.4 47.0 - 48.9 41.3 - 43.3 
Age 4   62.6     53.9    39.7    60.5    53.4  
 62.0 - 63.2 53.3 - 54.4 39.1 - 40.2 59.9 - 61.1 52.8 - 53.9 
Age 5   71.5     61.6    45.3    69.1    60.9  
 71.0 - 72.0 61.1 - 62.0 44.9 - 45.7 68.7 - 69.5 60.5 - 61.4 
  
1
6
1
 
  
Scenario 1: 
Baseline 
Scenario 2a: Age 
1 visit with low 
uptake (15%)  
Scenario 2b: Age 
1 visit with high 
uptake (35%)  
Scenario 3a: 
Uptake Only 
among High Risk 
(10% HR) 
Scenario 3b:  
Uptake Only 
among High Risk 
(20% HR) 
  
%/95% CI            
Lower - Upper 
%/95% CI            
Lower - Upper 
%/95% CI            
Lower - Upper 
%/95% CI            
Lower - Upper 
%/95% CI            
Lower - Upper 
% of Children with 
preventive visit   13.4     15.3    18.2    13.3    15.6  
 13.3 - 13.5 15.2 - 15.4 18.1 - 18.3 13.2 - 13.4 15.6 - 15.7 
Age 1   3.9     12.7    21.8    8.7    16.1  
 3.8 - 4.0 12.5 - 12.9 21.6 - 22.0 8.5 - 8.8 15.9 - 16.3 
Age 2   6.5     11.9    20.5    2.9    11.0  
 6.3 - 6.6 11.7 - 12.1 20.3 - 20.7 2.8 - 3.0 10.8 - 11.2 
Age 3   16.1     15.8    20.7    15.6    13.8  
 15.9 - 16.3 15.6 - 16.0 20.5 - 20.9 15.4 - 15.8 13.6 - 14.0 
Age 4   22.0     19.3    15.5    21.1    19.6  
 21.7 - 22.2 19.0 - 19.5 15.3 - 15.7 20.9 - 21.4 19.3 - 19.8 
Age 5   18.6     16.8    12.5    18.3    17.7  
 18.4 - 18.8 16.6 - 17.0 12.3 - 12.7 18.1 - 18.6 17.5 - 18.0 
% Children ever had a 
preventive visit   17.3     22.5    35.2    23.7    18.4  
 17.2 - 17.4 22.4 - 22.6 35.0 - 35.4 23.6 - 23.8 18.3 - 18.5 
Age 1   3.9     12.7    21.8    8.7    16.1  
 3.8 - 4.0 12.5 - 12.9 21.6 - 22.0 8.5 - 8.8 15.9 - 16.3 
Age 2   6.6     13.8    33.5    9.7    17.1  
 6.4 - 6.7 13.7 - 14.0 33.2 - 33.9 9.5 - 9.8 16.9 - 17.4 
Age 3   16.6     17.2    35.7    18.0    14.1  
 16.4 - 16.8 16.9 - 17.4 35.3 - 36.1 17.7 - 18.2 13.9 - 14.3 
Age 4   25.1     25.2    33.0    27.0    20.7  
 24.9 - 25.3 25.0 - 25.5 32.6 - 33.4 26.8 - 27.3 20.5 - 21.0 
Age 5   30.4     36.1    52.1    27.2    24.1  
 30.2 - 30.7 35.8 - 36.3 51.6 - 52.6 27.0 - 27.5 23.8 - 24.3 
  
1
6
2
 
  
Scenario 1: 
Baseline 
Scenario 2a: Age 
1 visit with low 
uptake (15%)  
Scenario 2b: Age 
1 visit with high 
uptake (35%)  
Scenario 3a: 
Uptake Only 
among High Risk 
(10% HR) 
Scenario 3b:  
Uptake Only 
among High Risk 
(20% HR) 
  
%/95% CI            
Lower - Upper 
%/95% CI            
Lower - Upper 
%/95% CI            
Lower - Upper 
%/95% CI            
Lower - Upper 
%/95% CI            
Lower - Upper 
% of population that has a 
dental visit   25.9     25.9    25.9    25.9    25.9  
 25.8 - 26.0 25.8 - 26.0 25.8 - 26.0 25.8 - 26.0 25.8 - 26.0 
Age 1   4.2     12.9    22.0    9.6    16.9  
 4.1 - 4.4 12.8 - 13.1 21.8 - 22.2 9.5 - 9.8 16.7 - 17.1 
Age 2   9.2     14.3    22.2    8.3    15.7  
 9.1 - 9.4 14.1 - 14.5 22.0 - 22.5 8.1 - 8.4 15.5 - 16.0 
Age 3   21.1     19.9    23.4    20.4    18.0  
 20.9 - 21.4 19.7 - 20.1 23.2 - 23.6 20.1 - 20.6 17.7 - 18.2 
Age 4   43.0     37.1    28.4    41.4    35.9  
 42.7 - 43.3 36.9 - 37.4 28.2 - 28.7 41.0 - 41.7 35.6 - 36.2 
Age 5   51.8     45.2    33.4    49.9    43.0  
 51.5 - 52.2 44.9 - 45.5 33.1 - 33.7 49.6 - 50.2 42.7 - 43.2 
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Figure 6.2: Average waiting time (days) by policy scenario 
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7. DISCUSSION 
7.1 Overview 
Early Childhood Caries (ECC), referred to at the beginning of this decade by the 
U.S. Surgeon General as a „silent epidemic‟, is the most prevalent and thus one of the 
costliest diseases of childhood.1   Low income and minority children share a 
disproportionate amount of the disease burden for dental caries and have the lowest 
rates of dental care utilization of children of any socioeconomic group despite being 
covered by Medicaid.2   
In response to the prevalence of ECC, the American Academy of Pediatric 
Dentistry (AAPD), American Academy of Pediatrics (AAP), and the American Dental 
Association (ADA) all recommend a first preventive dental visit by one year of age.3-6   
Early preventive dental visits have the potential to prevent ECC through measures such 
as anticipatory guidance and fluoride regimens, but the effects of these visits remain 
unknown.  Under Early and Periodic Screening, Diagnostic and Treatment (EPSDT), 
dental services must be provided for children enrolled in Medicaid in accordance with a 
periodicity schedule determined by each state after consultation with recognized dental 
organizations involved in child health care.7  In contrast with the professional guidelines, 
North Carolina, along with many other states, recommend a first preventive visit by age 
three years for children enrolled in Medicaid.   
Although preventive measures have been shown to reduce caries in young 
children, it is not known whether having a visit by age one is preferential to a visit by age 
three for all children.  Only three studies have been conducted on the effect of an early 
visit on dental treatment utilization and cost outcomes, and no prior study has examined  
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the effect of early prevention on subsequent disease.8-10 The results of these studies 
provide conflicting results, but also have a number of methodological weaknesses.   
This dissertation evaluated the effects of early preventive dental care on oral 
health-related outcomes among children enrolled in Medicaid in NC.  The dissertation 
includes three studies; the first and second studies estimated the association between 
early preventive dental visits and treatment utilization, related dental expenditures and 
subsequent dental disease experience.  These two studies rely on Medicaid claims data 
from NC (1999-2006), and the second study combines the claims data with an oral 
health surveillance dataset of kindergarten children.  The third study uses data from the 
first two studies, along with other information from the literature, to simulate potential 
consequences to implementing various policies for the timing of a first preventive visit 
among NC Medicaid children.  The overall goal of the dissertation was to examine 
whether the timing of a preventive visit impacts oral health outcomes at both the 
individual and population level.  This concluding chapter summarizes the main findings 
from the three studies, discusses overall imitations and policy implications and gives 
recommendations for future research. 
7.2 Study 1: Effect of early preventive dental care on treatment use and associated 
expenditures 
 
This study used claims data from children enrolled in NC Medicaid (1999-2006) 
to compare the number of caries related treatment procedures and associated 
expenditures for children who had a visit by age one year (18 months) to children who 
had a visit at age 18-24 months, at age 25-36 months, at age 37-48 months, or at age 
49-60 months.  Using the primary definition, we found that children who had a visit by 
age 18 months had a lower rate of treatment and lower associated expenditures than 
children who had a visit at age 25-36 months.  However, children who had a visit at age 
49-60 months had lower rates of treatment than children who had a visit by age 18 
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months and there was no difference in the other age categories. Children who had a 
preventive visit by the time they were three years old also appeared to be at higher risk 
for disease.  Taken together, these findings suggest that early preventive visits could be 
effective for children at high risk for disease, but most children can delay a visit until 
three years of age if the number of dentists is insufficient. 
Further, when we expanded our definition of a preventive visit to include visits 
with more than a small amount of treatment, we found that children who had an early 
preventive visit had fewer treatment procedures over their enrollment time and lower 
related expenditures than children who had visits at older ages.  The children in this 
broader sample had worse oral health outcomes than the sample using the main 
definition for a preventive visit.  Thus, early preventive visits were effective in the broader 
sample of children with poorer oral health.   
The findings from this study therefore support the recommendation to focus on 
children at high risk for dental disease before age three years. The lower rate of 
treatment in the oldest age group and lack of difference in the other age groups suggest 
that children enrolled in Medicaid at lower risk for disease can delay their first preventive 
visit until age three years without adverse outcomes when the supply of dentists is 
limited.       
7.3 Study 2: Effect of early preventive dental care on dental caries history 
This retrospective cohort study used NC Medicaid claims (1999-2006) linked to 
NC oral health surveillance of kindergarten students (2005-2006).  Caries experience 
(dmft) was compared for children who had their first preventive visit by age 24 months, 
at age 24-36 months, at age 37-48 months, or at age 49-60 months. We also estimated 
the relationship between timing of a first preventive visit and receipt of complete 
treatment.  Children who had a visit by age 24 months had no difference in dental caries 
history at the time they were examined in kindergarten than children who had preventive 
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visits at older ages. Children who had a preventive visit by age 24 months were also no 
more likely to receive complete treatment for disease than children who had their first 
preventive visits at older ages.   
Children who had a preventive visit by age 24 months were also much more 
likely to receive treatment prior to 24 months than children who have preventive visits at 
older ages, thus they may have been at higher risk for disease at an early age.  If we 
assume that the higher rate of early treatment indicates a higher risk status for children 
with early visits, it is encouraging that there was no difference in subsequent disease 
between children who had an early preventive visit and children in the older age 
categories.  These findings reinforce the need to prioritize high risk children seeing the 
dentist at a young age to provide early detection and treatment of disease and lower 
their risk of subsequent disease. 
7.4 Study 3: Effect of promoting early preventive dental visits on population level dental 
utilization and disease 
 
Using NC Medicaid data and surveillance data on disease in NC kindergarten 
children, as well as estimates from the literature, we built a discrete event simulation 
(DES) model to simulate the dental use and dental disease of NC Medicaid enrollees 1-5 
years old.  The model compared 3 alternative policies for the timing of a first visit: 1) 
current policy of a visit by age 3; 2) changing to a periodicity schedule that encourages 
an age one visit with low (15%) and high (35%) adherence; or 3) prioritizing high risk 
children (10% or 20% of population) at age one.   
We found that targeting children at high risk for the age one visit and 
encouraging other children to have a visit by age three was the optimal policy.  This 
policy is in line with the current periodicity schedule of NC Medicaid; however, increased 
efforts to identify children at high risk and get them into see the dentist early are 
warranted.   
 172 
 
7.5 Limitations 
The primary limitation of the first two studies is that they were observational and 
thus could suffer from selection bias from unobserved factors, especially unobserved 
risk of dental decay.  We did not randomly assign children to receive a preventive visit at 
an early age, so children at higher risk for disease may have been more likely to use 
dental care earlier.  We controlled for selection bias based on observed variables by 
using propensity score weights in the analysis, but propensity scores can only control for 
observed characteristics.  Furthermore, we only had data available on characteristics 
that would likely put children with early visits at lower risk for disease, such as well child 
visit use, so that bias due to children being at higher risk may still remain.  
In addition to selection bias, the first two studies also likely suffer from omitted 
variable bias.  Our data on individuals were limited to claims files and the NCSoDC, so 
we did not have individual demographic data on the parents of the children in the study.  
Socioeconomic characteristics, including family income and mother‟s education have 
been shown to be associated with oral health.  Moreover, we did not have any data on 
the child‟s oral health risk status or behaviors such as tooth brushing or diet that would 
influence their oral health and dental utilization.  If children whose parents are more 
highly educated were more likely to take their children to the dentist for an early 
preventive visit, it would be expected that children at lower risk for disease had early 
preventive visits and thus our results would overestimate the effect of an early 
preventive visit.  However, if children at higher risk for poor oral health were more likely 
to visit a dentist early, as we suspect, our results would be underestimating the effect of 
the early preventive visit.   
The third study was a preliminary model intended to provide a broad overview of the 
possible policies for the timing of a first preventive dental visit in Medicaid for the state of 
NC.  As such, the model made several simplifying assumptions. The two primary limiting 
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assumptions were that we did not prioritize who gets a dental visit based on age or 
severity of disease and we did not vary availability of care by geographic location.  In 
reality, more dental appointments are likely available to children age three and older as 
many general dentists will not see very young children.  Dentists would also likely 
prioritize appointments for children with known disease or pain rather than treat on a first 
available appointment system.  Our estimates of „crowd out‟ of older children and a 
possible decrease in treated diseases are therefore likely to be overestimated.   
7.6 Policy implications and future research 
The Center for Medicaid and Medicare Services has required all states to 
develop a periodicity schedule for when children should see the dentist in accordance 
with recommendations from recognized dental organizations involved in child health 
care.7  Professional guidelines recommend a first preventive visit for all children by one 
year of age, but currently, many Medicaid programs, including NC, recommend that the 
first dental visit take place at three years of age. Using our main definition of a 
preventive visit, children who had a preventive visit by age 18 months had fewer caries 
related treatments and lower associated expenditures than children who had a visit at 
age 25-36 months. Our data indicated that children who had a preventive visit before 
age three years were at higher risk for disease than children who had visits at older ages 
as they were more likely to require treatment before age 24 months.  Further, when we 
expanded the definition of a preventive visit to include children who required treatment 
and thus had worse oral health, children with an early preventive visit had fewer 
treatments per time enrolled and fewer treatment related expenditures per year than 
children who had visits at older ages.   
In the second study, children with early preventive visits did not differ in their 
subsequent disease status or likelihood of receiving treatment from children who had 
later preventive visits in our sample of NC Medicaid dental users, but they were also 
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much more likely to require treatment at early ages.  In general, children who have 
disease early are at a much higher risk to have future disease.  Taken together, the 
findings from these two studies indicate that early preventive visits may be effective in 
detecting and suppressing disease for children at an elevated risk for disease. The third 
study also found that targeting children at high risk for the age one visit and encouraging 
other children to have a visit by age three was the optimal policy. These findings further 
support the policy to promote early visits among children at higher risk for disease. The 
findings from the first two studies also suggest, however, that for children at lower risk 
for disease, a first preventive visit at three years of age should result in no differences in 
oral health outcomes or dental expenditures over time as compared to a visit by age 
one. 
The results of these studies have important implications for access to dental care 
for young children in NC.  A national shortage of dentists remains, particularly in NC, 
which ranks 47th in the number of dentists per capita. Many dentists are not willing to 
treat young children enrolled in Medicaid due to reimbursement fees being below market 
rates and a lack of training in care of infants and toddlers. Thus, a severely limited 
capacity of dental appointments available to young children enrolled in Medicaid exists in 
NC. In coming years, the number of people with dental insurance will likely increase due 
to the American Recovery and Reinvestment Act of 2009, thereby increasing the 
demand on dental providers and further constraining the supply of dental appointments 
available to young children enrolled in Medicaid.  The results of these studies suggest 
that children at lower risk for disease can delay their first preventive visit, thus increasing 
the availability of dental care for children who need it more. Until there is an increase in 
the dental workforce, public health professionals and Medicaid administrators should aim 
at increasing the number of high risk children who see the dentist for preventive services 
at an early age and allow other children to delay a first visit until age three years. 
 175 
 
Future studies that develop effective interventions that focus on getting children 
with disease or who are at high risk for disease into the dentist are warranted.  
Interventions that educate physicians on identifying children at high risk for dental 
disease and cultivate partnerships between medical and dental providers may facilitate 
children at high risk being seen by a dentist early.11-12 Other programs, such as the WIC 
program and Early Head Start, also have been shown to lead to higher rates of 
preventive and restorative dental use and lower rates of emergency dental use.13-14  
Interventions through these programs may also be used to identify and refer young 
children at high risk for dental disease. Focusing on children at high risk for disease is 
difficult to implement, however, as we do not have strong biological markers or tools to 
identify children at elevated risk.  Future research should also focus on developing more 
accurate methods to identify children at high risk before disease is present. 
Certain subgroups of children, such as low-income children and those with 
special health care needs, are at higher risk for dental disease than other children.  
Recent research on children with special health care needs (CSHCN) indicates that not 
all those with special health care needs are at an elevated risk,15 but likely children with 
greater limitations or certain health conditions have a greater risk for disease.  It is 
unknown which subpopulations of CSHCN are at greater risk, however.  Similarly, the 
findings from the first two studies indicate that certain portions of low-income children 
are at higher risk than other low-income children.  Future research should focus on how 
to identify the subpopulations within these high risk groups that are at greatest risk for 
disease so that these children can be prioritized for early visits. 
Study 3 was a preliminary model examining the potential consequences of 
varying policies for the timing of a first preventive visit.  The study made several broad 
assumptions that could be relaxed in future work.  Future research should explore the 
implications of adding complexity to the models, such as provider type, prioritizing 
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patients who get visits by age and disease severity and geographic variation.  With 
increased complexity, the model could also be used as a workforce model to determine 
the supply of dentists necessary to meet the increased demand from increasing use of 
preventive services.  The model could also be expanded to more age groups and to 
include privately insured and uninsured patients to better explore the notions of crowd 
out among the entire population of North Carolina. 
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APPENDIX I. ACCURACY OF RECORD LINKAGE SOFTWARE IN MERGING DENTAL 
ADMINISTRATIVE DATASETS 
 
Abstract 
Objective : To determine the optimal cutoff point with respect to software-generated 
“levels of certainty” for declaring matches and to evaluate the sensitivity (Sn) and 
specificity (Sp) of decision rules for matching computer records for dental investigations. 
Methods: The Link King is publicly available software that links administrative databases 
using probabilistic and deterministic methods on 5 levels of certainty.  It was used to link 
records in North Carolina Medicaid files to public health surveillance of dental caries 
(SoDC) history (dmft) for kindergarten students with no unique identifiers. The link was 
based on the child‟s name, birth date, gender, race and county. After linking the 
Medicaid and SoDC files, we randomly sampled 230 linked records (N=45,295) and 50 
SoDC non-linked records (N=35,119), stratified by level of certainty of match with 
unequal probabilities of selection.  For a gold standard, two research staff reviewed the 
sampled software-generated linked records (or non-linked records) and determined 
whether each classified linked pair was a true match.  Sn and Sp were calculated for 
decision rules corresponding to cutoff points at the 5 levels of certainty. The optimal 
cutoff point was determined from the ratio of the accuracy (defined as Sn multiplied by 
Sp) of adjacent levels and their large sample 95% CIs.  CIs for the ratio containing 1 
were considered as evidence of similar accuracy levels for adjacent cutoff points.  
Results: The Sn increased from 82.32% (s.e. 2.91) to 91.98% (s.e. 3.15) and Sp 
decreased from 89.08 (s.e. 4.15) to 86.24% (s.e. 4.06) as cutpoints were varied to widen 
the scope of declared matches.  Accuracy was maximized when software generated 
matches of any level of certainty were declared true matches. 
Conclusions: This study found that a publicly available software program accurately 
merged dental claims and surveillance data. All of the levels of certainty should be 
 180 
 
included to optimize accuracy. The Link King could be useful to dental researchers in 
merging administrative databases.  
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Introduction 
Heath services research often uses administrative databases from multiple 
sources; merging these databases can enhance research opportunities. Several studies 
in public health dentistry have benefited from linking records from existing datasets to 
create a new dataset to study dental disease, utilization patterns and costs.1-3  When 
there is no unique identifier, records are linked using identifiers such as name, date of 
birth, and social security number.  Linking records without a unique identifier can be 
cumbersome and time consuming, however, which could inhibit researchers from 
engaging in research using merged administrative databases. 
Two record linking strategies have been developed to match records with no 
unique identifier, the deterministic method and the probabilistic method. 4-6    The 
deterministic method matches records based on a group of variables such as name, 
date of birth, social security number (SSN), and zip code.  Simple deterministic 
algorithms require records to match exactly, while more complex algorithms allow for 
slight differences by using iterative “fuzzy” matching.6 The probabilistic method uses 
statistical analyses to calculate how probable it is that two record pairs are a match.  The 
method assigns a weight to each variable based on its frequency in the dataset, then 
derives a score for each match that is compared to cut-off points to indicate if the record 
pair is a definite, probable or non-match.4 
There are several software programs which match records using probabilistic and 
deterministic methods, but little is known about the accuracy of such programs.  This 
study aimed to test the accuracy of one such program available in the public domain - 
the “Link King.” 7  The Link King is publicly available record linkage software that uses 
both the deterministic and probabilistic methods to match and unduplicate records at 
varying levels of certainty.  The Link King was developed at Washington State‟s Division 
of Alcohol and Substance Abuse using a probabilistic record linkage protocol that was 
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adapted from the algorithm developed by MEDSTAT for the Substance Abuse and 
Mental Health Services Administration‟s (SAMHSA) Integrated Database Project.7  If the 
Link King software matches records accurately, it has the potential to help health 
services researchers conduct studies that would otherwise not be possible and to 
enhance efficiency by reducing the amount of time needed to merge records. 
 This study had two main objectives: 1) To determine the accuracy of the 
matching program “the Link King”; 2) To identify the optimal cutoff point for the level of 
certainty that demarcates test positives (Medicaid matches) from test-negatives 
(unmatched children) such that the utility of the diagnostic match is maximized, i.e., the 
balance between errors and correct judgments is optimized.  
Methods 
Study Overview 
This study merged two databases (Medicaid claims and oral health surveillance 
files) with the purpose of conducting analyses on the effects of dental utilization on oral 
health.   We tested the accuracy of the resulting merge by calculating the sensitivity and 
specificity of decision rules including the cut off point that maximizes accuracy. 
Data sources 
We merged NC Medicaid claims and enrollment files to a surveillance dataset, 
the North Carolina Surveillance of Dental Caries (NCSoDC).  The Medicaid claims files 
contained information for children enrolled from October 1999 to June 2006 for all 
children born on or after January 1, 1998.  The Medicaid files were originally obtained 
from the NC Division of Medical Assistance to evaluate the effectiveness of the “Into the 
Mouths of Babes” program.8   
The NCSoDC provides basic demographic information on each individual child 
including name, date of birth, sex, race, school name, classroom identification number 
within school and county of residence.  Additionally, the NCSoDC provides a count of 
 183 
 
decayed, filled, and missing (molars only) primary teeth for each child.  Information from 
the 2005-06 school year surveillance was used for this study, which contains 95,135 
kindergarten children from 98 of the state‟s 100 counties, or 82% of the state‟s public 
school enrollment for this grade.   
Link King program description 
The program works in 4 main steps: 1) import the datasets into the Link King 
program (program supports SAS, Excel, Access, SPSS, .txt, and .csv files); 2) define 
criteria for blocking, certainty decisions and the levels of certainty to be included as 
matches; 3) process data (software implements algorithm and generates linked pairs); 
and 4) manually review matches if necessary.  During the second step, the user has the 
option of using the default options, or entire criteria for the blocking, certainty decision 
and levels of certainty to be included as options.  For blocking, the user can decide 
whether to unduplicate either or both database before merging the data.  For certainty 
decisions, the user can adjust settings for name rarity and SSN size for the deterministic 
algorithm and probabilistic weight settings for the probabilistic algorithm.  For levels of 
certainty, the user can determine how many Levels of Certainty to include in the match 
to optimize accuracy.  The second objective of this study is concerned with what level of 
certainty would optimize the accuracy of our data merge.   
Sample Size Allocation  
  Our goal was to have an adequate sample size to specify and allocate sample 
size across certainty levels in order to discriminate between the accuracy of adjacent cut 
point-based decision rules.  Preliminary data on 120 matches and 20 non-matches 
suggested that the specificity was fairly stable across cut points, whereas the sensitivity 
was notably higher for levels 4 and 5 relative to lower (less inclusive) cut points.  These 
results led us to oversample match certainty levels 4 and 5 to increase chances of 
distinguishing between them. We sampled 50 record pairs from Levels 1, 2, and 4 and 
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non-matches, 60 record pairs from Level 5 and 20 pairs from Level 3 for a total sample 
size of 230 matches and 50 non-linked records (see Figure 1). 
Matching review process 
The accuracy of the match was determined by the “gold standard” which was 
manual review.  Two reviewers examined each match and classified the matched pairs 
into one of five categories: 1) definitely not the same person; 2) probably not the same 
person; 3) there is not enough information to determine whether or not they are the 
same person; 4) probably the same person; and 5) definitely the same person.  The final 
decision considered the match a valid link if both reviewers classified the record pair as 
“probably” or “definitely” the same person. Remaining record pairs were considered 
invalid links.  Similarly, the reviewers examined the non-matches and determined 
whether they were true negatives or false negatives. 
Data Analysis    
We weighted observations by the inverse to their probability of selection into the 
sample, then calculated population estimates of Sensitivity (Sn), Specificity (Sp) and 
SnxSp for cut points corresponding to each of the 5 levels of certainty.  A pair of 
adjacent cutoff points were contrasted using the following formula: 
Ratio (R) = (SnxSp [Level (n – 1)] /SnxSp [Level n]) 
95% CI = (exp[logR -1.96*SE(logR)], exp[logR +1.96*SE(logR)]) 
 
The log transform is used to improve large sample properties.  The standard error (SE) 
of log R (not shown) was determined via first order linear Taylor series methods.  
Confidence intervals for the ratio containing 1 were considered as evidence of similar 
accuracy levels for adjacent cutoff points.  
Results 
 The sensitivity of the five levels of certainty increased with the decreasing levels 
of certainty (Level 1, 82.32%, 95% CI, 76.62% - 88.02%; Level 2, 87.77%, 95% CI, 
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81.82% - 93.73%; Level 3, 87.81%, 95% CI, 81.85% - 93.77%; Level 4, 91.41%, 95% 
CI, 85.28% - 97.55%; Level 5, 91.98%, 95% CI, 85.81% - 98.14%) (Table 1).  Likewise, 
the specificity of the five levels decreased with the decreasing levels of certainty (Level 
1, 89.08%, 95% CI, 80.94% - 97.22%; Level 2, 88.02%, 95% CI, 79.94% - 96.10%; 
Level 3, 88.00%, 95% CI, 79.92% - 96.07%; Level 4, 86.49%, 95% CI, 78.51% - 
94.46%; Level 5, 86.24%, 95% CI, 78.28% - 94.20%).  The Sn*Sp increased with each 
level of decreasing certainty.  The ratio of the Sn*Sp for each successive level was less 
than one for each level of certainty (Level 2/Level 1, 0.95, 95% CI, 0.93 – 0.96; Level 
3/Level 2, 0.9998, 95% CI, 0.9995 – 1.0001; Level 4/Level 3, 0.98, 95% CI, 0.96 – 0.99; 
Level 5/Level 4, 0.997, 95% CI, 0.995 – 0.999). 
Discussion 
Heath services research could benefit from merging administrative databases 
from multiple sources; merging these databases can be difficult when there is no unique 
identifier however.  This study demonstrated that publicly available software, the Link 
King, displayed a high level of accuracy in merging administrative databases.  These 
results indicate that the Link King could be beneficial to researchers in merging 
administrative databases efficiently and accurately. 
We used the Link King to merge the NC Medicaid data to an oral health 
surveillance database.  Both datasets had a very large sample size, and more than half 
of the sample of the surveillance database matched were in the Medicaid dataset.  We 
matched on first name, last name, middle name, date of birth, race, gender and county 
of residence.  The Link King also has options to match on SSN.  The Link King requires 
the data to contain at least a first name, last name and either date of birth of SSN to link 
or unduplicate data.  Matching accuracy is improved by additional variables with which to 
link the data.  Data linkage accuracy is dependent on the size of databases, variables 
used and type of data that is available.  Linkage of other administrative datasets may 
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therefore have more or less accuracy with using the Link King then we found in this 
study.  
 Our data indicated that all levels of certainty should be included to optimize 
accuracy, primarily because sensitivity improved significantly while there was little loss in 
specificity at higher levels.  When choosing the level of certainty, however, researchers 
may want to put differential weight on sensitivity or specificity depending on the study‟s 
purpose.  The size of the database and the size of the population at each level should be 
considered when determining the appropriate number to sample to test the accuracy of a 
match.  Future research could develop formal methods to determine the appropriate 
sample size methods. The level with the lowest level of accuracy, Level 5, requires 
manual review for each record pair, so it may be too cumbersome to include matches at 
this level if datasets are extremely large.  
Limitations 
 This study relied on manual review as the gold standard to determine matches.  
Although that is a standard used in other studies, it is subject to human error in making 
the choice whether a link is a true match or not.  Reviewers may have incorrectly 
deemed linked true matches or not true matches which could have altered our results.  
We also had a small sample size in the third level which made it impossible to 
distinguish the accuracy of that level from the adjacent levels.  In addition, because of 
the cumbersome task of manual review, we had a relatively small sample size of 
reviewed cases compared to the sample size of the overall database. 
Conclusions 
Linking administrative databases allows health services researchers to conduct 
studies that otherwise would not be possible. Linking data by expert review can be time 
consuming and prone to errors when there are no unique identifiers. In this study 
merging NC Medicaid data to an oral health surveillance dataset, the Link King proved to 
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be an accurate, efficient way to link the datasets.  Accuracy of merging data is 
contextual, however; it depends on the dataset and variables available.  Further testing 
should be done to confirm the Link King‟s accuracy with other administrative datasets.  
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      Table 1: Estimated Sensitivity, Specificity and SnxSp (and their 95% CIs) for each certainty level 
 
 
Certainty 
Level 
Total 
N 
n 
sampled Sn Sp Sn*Sp 
R                        
(Sn*Sp Level n 
/Sn*Sp Level  
(n-1)) 
Level1:  
40,032  
 
50 
 
82.32% 
 
89.08% 
 
0.73 
 
Highest   (76.62%, 88.02%) (80.94%, 97.22%) (0.64, 0.83)  
Level 2:    
2,773  
 
50 
 
87.77% 
 
88.02% 
 
0.77 
 
0.95 
Very 
High 
  (81.82%, 93.73%) (79.94%, 96.10%) (0.67,0 .87) (0.93, 0.96) 
Level 3:         
23  
 
20 
 
87.81% 
 
88.00% 
 
0.77 
 
0.9998 
Highest   (81.85%, 93.77%) (79.92%, 96.07%) (0.67,0 .87) (0.9995, 1.0001) 
Level 4:    
2,132  
 
50 
 
91.41% 
 
86.49% 
 
0.79 
 
0.98 
Moderate   (85.28%, 97.55%) (78.51%, 94.46%) (0.69, 0.89) (0.96, 0.99) 
Level 5:       
335  
 
60 
 
91.98% 
 
86.24% 
 
0.79 
 
0.997 
Low   (85.81%, 98.14%) (78.28%, 94.20%) (0.69, 0.89) (0.995, 0.999) 
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